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Translator’s Note. At this writing, under the sponsorship of the National Re- 
search Council,* about fifty men in the fields of general physics and chemistry, 
solid state science and glass technology, are assembled in Alfred, N.Y., to discuss 
the topic of “Non-Crystalline Solids,” with V. Frechette serving as chairman. The 
results of this deliberation will be published as a monograph in a series of similar 
publications in solid state science. The survey, undertaken by Professor Prod’- 
homme and translated below, was considered an intelligent and useful starting 
point because of its comprehensive and critical treatment of all aspects of glass. 
This paper is certainly an essential representation of those “non-crystalline solids” 
and was distributed, in translated form, to the participants of the Conference. It 
is believed that this survey may also interest a broader audience among the readers 
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* THE STRUCTURE OF GLASS remains a controversial 
subject. Among the different concepts that have come 
to light, there is none that truly satisfies us; all contain 
some truth. The perplexity of the investigator stems from 
the very nature of the material. 

The vitreous state of matter is, in fact, intermediate 
between the liquid state in which the atoms, under the in- 
fluence of thermal agitation, are never permanently sur- 
rounded by the same neighbors, and the crystalline state 
in which all atoms in the course of cooling have suc- 
ceeded in arranging themselves definitely in the perfect 
order which constitutes what is called a “crystalline 
lattice.” 

In glass, the permanence of a neighborhood character- 
istic of crystalline bodies exists together with a certain 
disorder characteristic of the liquid state. And it is on 
the nature and magnitude of this disorder that there are 
divergencies of concepts among various authors. 

Before the time of the application of X-ray analysis 


*With the support of the Air Force Office of Scientific Research. 
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one was confined to conjecture and used to say that 
glass was an undercooled liquid that could be likened 
to reciprocal solutions of constituent oxides. Later mole- 
cular concepts emerged from the superposition of results 
contributed by different techniques. They can be divided 
into three main groups: 

The concept of the “random network.” 

The crystallite concept. 

The micelle concept. 

We shall examine, in succession, these three view- 
points and, in a fourth part, attempt to expose the 
present trend of concepts of glass structure. 


The Random Network Hypothesis 


We shall review briefly the essentials of this hypothe- 
sis, which was thought out by Zachariasen in 1932, 
starting from Goldschmidt’s rules of crystal chemistry, 
a hypothesis which even today enjoys a durable success. 

This hypothesis presents glass as a three-dimensional, 
disordered network in which no definite chemical com- 
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pound exists. A structural configuration is not repeated 
in regular intervals; there is no trace of crystals, and 
one can say that all atoms are placed differently in re- 
lation to the others. One may only speak of statistical 
order. 

The rules established by Zachariasen to define the 
structure of a glass of the oxide of metal A are: 

1) Every O atom is bonded to no more than two A 

atoms. 

2) The coordination number must be small, i.e. 2-6. 

3) The oxygen polyhedra share only corners, never 
edges or faces. 

4) Every oxygen polyhedron must share at least three 
corners with other polyhedra to form a three- 
dimensional array. 

Finally, among the various elements that consti- 
tute a glass, Zachariasen has distinguished two 
categories: 

1) Network formers (Si**, B**+, P®*. . . .) 

2) Network modifiers (Na*, Ca**, Ba?*. . . .) 

Warren! has devoted ten years to the confirmation of 
this hypothesis by the detailed structural analysis of an 
entire series of glasses by X-ray diffraction rings. The 
spectrum of the silica glass appeared as a widely dif- 
fused ring, the intensity maximum of which corresponded 
exactly to the diffraction ring of cristobalite. Later, when 
examining multicomponent glasses of the type Na2O- 
SiOz and Na2O-B.0; he observed that these very diffuse 
diffraction rings presented a perfectly continuous varia- 
tion when the Na2O content was changed progressively. 
He concluded that the Si-O-Si bonds formed a continu- 
ous skeleton in which the sodium atoms were distributed 
at random. 

Finally, Fourier analysis applied to these spectra has 
permitted the determination of the functions of radial 
distribution of the atoms taking one of them—Si—as 
the origin. Position and maxima of these functions per- 
mit the knowledge of the interatomic distances. But the 
description of the structure stops at 7 A. One cannot 
say anything about order or disorder at greater dis- 
tance. At short distance the order brings to mind the one 
existing in the crystalline forms, but one cannot state 
precisely the distortion of the network at large distances. 

It appears that this concept of Warren cannot explain 
the manifest presence of certain structural heterogen- 
eities. 






The Crystallite Hypothesis 


It is for this reason that Warren’s results, which 
bring some confirmation of Zachariasen’s ideas, have 
also allowed the development of another concept: that 
of crystallites presented by Randall, Rooksby and 
Cooper? in 1930 and, later particularly defended by the 
Russian school. 

On the basis of the coincidence between the maxima 
of the X-ray diffraction spectrum of cristobalite and 
vitreous silica, these authors thought that vitreous silica 
was constituted of crystallites of cristobalite, that is, of 
truly crystallized domains corresponding to a formula 
but limited to just a few structural units. 

Later, Valenkov and Poray-Koshitz’ fixed at a dozen 
Angstroms the dimension of crystallites which they 
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pictured surrounded by more deformed intermediate 
zones. It is through these exterior zones that the diverse 
crystallites become soldered with each other in a dis. 
torted intercrystallite medium. The total constitutes a 
continuous, but not absolutely disordered, network. 

One could almost talk about an alloy of different com- 
ponents, or of a structure of several crystalline phases, 
Thus Lebedev* distinguishes two crystalline phases in 
Na2:O-SiO» glasses: sodium metasilicate and cristobalite 
(or tridymite). He estimates the dimensions of these crys- 
tallites as 7-15 A and states that they are independen: of 
thermal treatment. 

The crystallite concept was once more successful when 
Cerlivin® found in most glasses the 12.5 micron IR ab- 
sorption band characteristic in quartz of the hexag: nal 
linkage of tetrahedra. Another confirmation was - up- 
plied by Poray-Koshitz® who notes the additivity of 
X-ray diffraction curves of SiQ2 and B2Os; in their j,ix- 
tures. This author also reports the phenomenon of o val- 
escence attributed to the growth of crystallites in an a id- 
treated borosilicate treated at 700°C. 

The effect of thermal treatment on the growth of 
crystallites was also evidenced by Florinskaya and Pe- 
chenkina* who recently reported the development of 
infrared bands in flint glasses held for several hours 
at elevated temperature. 

Finally, certain weak discontinuities (of the order of 
10-°) observed in the thermal evolution of the refrac: ive 
index have been interpreted by Tudorovskaya® as | ar- 
tial structural transformations of tridymite and cri-to- 
balite. In fact, the decreases of refractive index measu‘ed 
on samples quenched from 20-300°C take place only in 
particular temperature intervals corresponding appr« xi- 
mately to the transformation zones of the crystalline 
forms of silica (tridymite or cristobalite). Let it also be 
noted that irregularities of the same kind have been 
observed by Mme. Winter® in the thermal evolution of 
the refractive index of vitreous silica. 

Objections, however, are habitually raised against 
this concept and bear, first, on the absence of a fusion 
step—as shown in the remarkable continuity of the 
viscosity temperature curves—and, second, on the ab- 
sence of any orientation of the structure toward a pre- 
determined crystallization in the course of devitrifica- 
tion. If, for instance, crystallites of cristobalite were 
present they ought to induce devitrification in this form. 


The Micelle Hypothesis 


Besides the two hypotheses just presented there has 
been a tendency in the past ten years to postulate a 
micelle structure of glass—a structure composed of in- 
dividual elements (micelles) of globular, laminar or 
chainlike shape. It was Moriya’® in Japan who launched 
the idea of a mosaic structure of microcelles correspond- 
ing to a definite chemical composition. 

Then Daniel’ reported that Warren’s concept was 
insufficient, that the silicate glasses seem to contain struc- 
tural groups formed of isolated rings of tetrahedra which 
could correspond to a certain “island” structure. 

On the other hand, Debye and Bueche’? show in a 
study of molecular light scattering in a borosilicate and 
a flint glass that the scattered intensity is too high to be 
due to just thermal fluctuations of density. They attribute 
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the cause to the presence of structural heterogeneities 
of the order of 250-300 A. At the same time Osborn’® 
describes the cellular structures in fluosilicate glasses 
which resemble “cushion” and “column” structures in 
yolcanic lavas. 

Rorovikov'* also observes, in a simple microscopic 
observation of the edge of a glass sheet, the existence of 
a sheet structure in layers of 2-4 microns parallel to the 
surface of the sheet. Raman ' has made an analogous 
observation. 

‘togharov’® also tries to interpret the weak discon- 
tiniities observed in the variation of the dilation of 
gless by a leaf structure. He writes, in substance, “The 


fre-zing of glass must take place in successive steps. 


A ‘irst, more refractory part will freeze first; then, in 
the pores of a body so formed, the second part, and so 
on to produce a sheet structure.” 

ut from the variation of the Raman band at about 
10:0 em"! Gross and Kolessova‘? conclude that the in- 
ercasing addition of alkali ions in silica glass has the 
ter lency to reduce the degree of polymerization of tetra- 
he ra and that the increase of oxygen forces the tetra- 
he ra to form chains. On the basis of a quantitative 
th ory of specific heat, Tarassov'® concludes also that 


Fig. 1. Schematic two-dimensional representation of struc- 
ture of vitreous silica. (a) Old random network hypothesis. 
(hb) Modern concept of irregular hexagonal meshes (see 


Oberlies ref. 33). 


in glass there are present more-or-less elongated and, at 
times, even branched chains. 

Laurent’® confirms this type of a structure of flexible 
chains in borates. The formation of chains is, at present 
established, too, in phosphate glasses, as has been shown 
by Von Wazer.”° Let us remark that a structure of this 
type is accepted today for simple glasses such as those of 
selenium, sulfur, and, perhaps even tellurium. 

By the study of X-ray diffraction under weak inci- 
dence Hartleif*' has determined the existence of organ- 
ized domains of considerable extent which allow us to 
assume chain or sheet structures. By the same method 
Hoffman and Statton?* have brought into evidence a 
fairly clear diffraction ring corresponding to an interval 
of 30A in the case of a quenched NasO-Mg0-3 SiO. 
glass which did not exist in the same glass when an- 
nealed. They found heterogeneous zones extending 24- 
120A which they considered due to the existence of two 
phases or micelles. Similar results have been reported by 
neutron diffraction, indicating a degree of order that 
might extend to 20A. 
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The electron microscopic examination of glass has al- 
lowed Prebus and Michener”* to distinguish structural 
elements of 20-200A which were also interpreted as 
micromicelles. The surface of glass observed by Chel- 
yuski** after attack by hydrofluoric acid has exhibited 
ramified angular, three-dimensional traces with angles 
of 120°. Their length varied from 2-4 microns over 70- 
700° A. F. Oberlies*® also found wavy traces, particularly 
on borosilicate glasses. 


We also want to mention, still within the scope of the 
micelle hypothesis, the very recent description of a granu- 
lar structure of vitreous silica, according to an observa- 


Fig. 2. View along five-fold axis of a vitron constituted on 
one element—20 tetrahedra corresponding to 20 silicons 
in their centers and 30 oxygens at their common apices. 


(After Tilton). 


tion of Shishakov.** There is, too, Huggins’ attempt’ to 
present a theory of glass structure based on the new 
“structon” concept, named by him, and defined as “an 
atom of a definite type surrounded by a certain number 
of other atoms, such as: 

“Si (40), O (2 Si), Na (60), O (2 Si, Na), O (Si, 3 Na).” 

This idea stems from the observation that the physical 
properties, such as the specific volume, can be calculated 
for complex glasses from the characteristic contribu- 
tions of the structons present. This would explain that in 
the glasses of the series Na2O-SiOQ» the plot of the speci- 
fic volume versus composition shows straight segments 
separated by points at angles which correspond to the 
characteristic compositions at which one structon dis- 
appears in favor of another. 

This general review of all recent information on heter- 
ogeneities observed or felt present in various glasses 
shows clearly that the classical concept of Zachariasen 
needs rehandling and that the truth must be looked for 


(Continued on page 604) 
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The Glass Division Meeting 


® Over 300 GLASS TECHNOLOGISTS, their wives, and 
friends attended the Fall meeting of the Glass Division at 
Bedford Springs, Pa. on October 16 and 17. The weather 
was beautiful and, in addition to the various technical 
meetings, ample opportunity was afforded for golf, hik- 
ing, archery, indoor swimming, games, and just plain 
relaxation and resting. 

The ladies’ program was an active one concluded by 
luncheon Friday noon. Their entertainment was well 
planned by the following committee: Mrs. D. Owen 
Evans, Chairman; Mrs. Clarence L. Babcock, Mrs. 
Charles L. Cruikshank, Mrs. J. C. Denison, Jr., Mrs. 
Charles H. Greene, Mrs. Charles E. Gum, Mrs. Ernest 
M. Hommel, Mrs. Howard R. Lillie, Mrs. Howard R. 
Lucas, Mrs. James P. Poole, Mrs. Frank Preston, Mrs. 
R. Roger Robinson, Mrs. Harold E. Simpson, and Mrs. 
Ralph L. Weaton. 


Technical Program 


The technical program was well conceived and 
planned by the following committee: Dr. Ralph K. Day, 
Libbey-Owens-Ford Glass Fibers Co., Chairman; Robert 
D. Maurer, Corning Glass Works; and Clarence L. Bab- 
cock, Owens-Illinois Glass Co. Dr. Day guided the 
Thursday morning session as chairman. 


Breaking Stress of Glass 
The first paper was Breaking Stress of Glass Determined 
from Dimensions of Fracture Mirrors, by E. B. Shand, 
Corning, New York. Experimental tests have shown that 
a relationship exists between the dimensions of the 
mirrored section of a glass fracture and the nominal 
stress causing the fracture. Smekal and his co-workers 
found that when circular glass rods are broken in tension 
the nominal breaking stress in the section outside the 
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mirror is essentially constant over a fairly wide ra: ge 
of mirror sizes, Terao found that the breaking str ss 
varies roughly with the reciprocal square root of ‘he 
mirror radius. This relationship has been confirmed by 
Levengood and Orr for specific types of fractures. Shaad 
studied the local stress conditions which occur during 
the fracture process and derived the experimental re'‘a- 
tionship of Smekal by analytical methods. 

The investigation described was conducted to determine 
the practicability of using the dimensions of the fracture 
mirror as a means of measuring breaking stresses, par- 
ticularly in impact tests where stress measurement by 
other methods presents special problems. 

During the fracture of glass a critical velocity of 
crack propagation and a critical or maximum value of 
local stress are reached at the boundary of the mirror. 
These two quantities are assumed to be characteristic of 
the particular glass involved. The critical velocity can be 
measured, but not the critical stress. 

Flexure tests were carried out on groups of circular 
rods. The mirror radius of each fracture was measured, 
and the corresponding value of f (D,r) was determined. 

The specimens were of borosilicate glass, Corning 
No. 7740, which were ground to a diameter of 0.457 
inch and cut to a length of 6 inches. The glass was an- 
nealed carefully before testing. Samples of 10 specimens 
each were selected at random from 300 pieces. 

Additional tests were made on 4 specimens of glass 
ceramic, Corning No. 9606, ground to the same diameter. 
Because of the small number of pieces involved, the 
results on this material must be considered as tentative. 

Flexure tests were made on a universal testing machine 
using supports 5 inches apart, with the central load 
applied at 2 points spaced 0.75 inch apart. Preliminary 
tests indicated that, for these specimens, the response 
of the load-measuring device ceased to be reliable at 
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At Bedford Springs 


tr verse rates exceeding 1 inch per minute. For this 
re son the tests were carried out at traverse rates of 0.05 
an 0.5 inch per minute. 

The location of each fracture origin was determined 

h respect to the center point along the rod and to the 

gle on the perimeter with respect to the neutral stress 

vis. The breaking stress at the point of origin was then 
computed from the test data using conventional stress 
formulas. 

The samples tested include 2 of glass (10 specimens 
each) loaded at different rates, and 1 sample consisting 
ol 4 pieces of glass ceramic. Mean values are compared 
in the following table. 


Table I 


Traverse Mean Mirror 
Rate- Break Radius 
Inch/Min. Stress-psi_ Inch 


0.05 11,100 0.037 

0.50 13,400 0.0218 

Glass Ceramic 0.50 22,800 0.0375 0.216 4920 
06 16,200* 0.0375 0.216 3570 

* This stress represents one-half the elastic energy of the measured stress and 


is intended to compensate for the difference in the basis of mirror measurement 
used for these specimens. 


{(D,r) Psi xin.” 
0.214 2370 
0.170 2290 


Glass 7740 


The investigation showed that measurements of the 
mirror surfaces of fractures can be used to determine 
approximate values of breaking stresses in glass. The 
method, however, is subject to two limitations: the glass 
should be free of residual stresses which are comparable 
in magnitude with the breaking stress; and the size of 
the mirror surface should be small in relation to the 
dimensions of the specimen section. 

The method is also probably adaptable to some glass 
ceramic bodies, but the results will be less accurate than 
those for glasses. It was pointed out that further investiga- 
tions with these materials would be highly desirable. 
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Stress in Brittle Materials 

The second paper in the morning session, Stress Be- 
havior of Brittle Materials, was also presented by Mr. 
E. B. Shand, Corning, New York. Materials classed as 
“brittle” are constantly finding wider use as stress-bearing 
elements. This use has brought about new testing con- 
ditions. For instance, while the development and _ basic 
testing may be in the hands of technical personnel 
in the field of brittle materials, structural application is 
becoming more and more the responsibility of structural 
designers who, in many cases, have had limited experience 
with brittle materials. 

Both groups must understand the peculiar behavior of 
these materials. Basic mechanical tests and evaluations 
must be significant of the characteristics of the material 
and provide essential data for the designer. 

On the other hand, the designer must be able to inter- 
pret these data in terms differing from those applicable 
to engineering materials in common use. He must ap- 
preciate the necessity of modified procedures in certain 
standard tests in order to show their true behavior. 
Finally, he must adapt certain design practices which, 
although suitable to ductile materials, may be invalid 
when applied to brittle materials. Coordination between 
the producing group and the structural designer can be 
obtained only through mutual understanding of each 
other’s problems and the idiom used to express ideas. 

When a solid body is subjected to stresses, it may fail 
in one of two ways: either its cohesive resistance is over- 
come by tensile forces, or its shear resistance is cvercome 
by shear stresses. Failure in cohesion results in brittle 
fracture, while that in shear results in plastic flow, termi- 
nating finally in rupture. 

Glass, however, is brittle for different reasons. The 
body is not crystalline; the structure is represented by 
a somewhat disordered array of atoms called a random 
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network.; There is no lattice arrangement or system of 
ordered planes in which slippage may occur. Shear move- 
ment is evidenced as viscous flow, which becomes appreci- 
able only at high temperatures. Failures are of the 
cohesive type and are typically brittle. 

In spite of the random nature of the network, the 
cohesive strength of glass is very high, probably well 
over 10° psi. The technical cohesive resistance as deter- 
mined from strength measurements is much smaller, 
because of high stress concentrations at flaws, of micro- 
scopic, and even visible dimensions. Shear resistance, on 
the other hand, does not suffer materially from such 
flaws so that the technical cohesive resistance of glass is 
much lower than the shear resistance; consequently, 
fractures in glass are cohesive in type and are produced 
by tensile components of stress. 

Characteristic flaws of glass differ from the disloca- 
tions of ductile crystals. They are in the form of small 
cracks, often referred to as “checks.” They are extremely 
narrow with respect to their depth so that their stress 
concentration factors may attain values of 50 or more 
in a direction normal to the crack. Checks are produced 
in glass surfaces during fabrication and in subsequent 
handling operations. Fracture will originate at one of 
these checks, the critical check being, where the local 
tensile stress is greatest. 

While true cohesive strengths of ceramic bodies have 
not been investigated adequately, technical strengths 
usually range between 3500 and 50,000 psi. Glass 
ceramics have structures which 


are intermediate be- 


tween those of glasses and conventional ceramics.” 
A wide variety of structure types can be produced by 
variations of chemical composition and conversion proc- 


esses. Evaluations made of a number of these bodies 
indicate that some types tend to retain certain of the 
desirable properties of both glasses and ceramics. Frac- 
ture characteristics may resemble more nearly those of 
glass or of ceramic bodies depending upon the particular 
type considered. Technical strengths of types already 
investigated range between 10,000 and 40,000 psi. 

The impact resistance of a material refers to its ca- 
pacity to absorb energy of impact during the fracture 
process. In the example of a tensile specimen, the fracture 
energy is represented by the area under the stress-strain 
diagram. However, the elongation recorded is only for a 
specific gage length and may be much less relatively 
when taken for the effective length of the specimen. 

It is doubtful that the impact test serves any useful 
purpose in the evaluation of glass and ceramics, at least 
until the behavior of brittle bodies under these conditions 
has been investigated more thoroughly. These materials 
fracture in a brittle manner under all practical conditions. 
There is no transition similar to that which occurs in 
ductile materials. 

Assuming that the fracture energy of a brittle body 
is the amount stored elastically at the moment of frac- 
ture, it seems that there would be a simple correlation 


+ For another discussion on “Random Network’’ see 
GLASS INDUSTRY. 


page 587, this issue, THE 


* Glass ceramics represent a new type of material. They are melted and 
fabricated in the form of glass. A vast number of nuclei are then developed 
throughout the body with the use of one of several processes. Crystals are grown 
around these nuclei in the glassy matrix by heating the body to high temperature. 
These crystals are smaller than those in conventional ceramics, usually to the 
extent of 1 to 2 orders of magnitude. 
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between fracture energy and breaking stress. Actually, 
it is found that the processes of energy absorption are 
much more complex than those assumed theoretically, 

Energy is lost in the acceleration of the specimen. A 
part of the “toss energy” will be supplied from this 
source, although some will come from the elastic energy 
stored in the specimen. High local stresses around points 
of impact and support may represent an appreciable 
portion of the total energy. The stress distribution in the 
specimen differs from that existing under static flexure, 
This divergence increases with the impact velocity ind 
may represent an amount of energy comparable to the 
total fracture energy at low velocities, although it «oes 
not add to the true impact resistance of the mate ial. 
Under these conditions the application of the impact ‘est 
to glass and ceramics must be regarded with great « au- 
tion. 

Use of brittle materials effectively as structural le. 
ments depends upon the understanding of their st ess 
behavior and the proper interpretation of mechan cal 
tests. Relative brittleness of materials determines lar ely 
whether they fail in cohesion (brittle fracture) 0: in 
shear (ductile failure). Stress relations are also involv :d; 
triaxial tension increases greatly the tendency tow: -ds 
brittle fracture. Flaws of an accidental nature proc ice 
variances of breaking stress in brittle fracture. Proba »il- 
ity of failure at a stress level kas a pronounced influe ice 
on usable technical strengths. Because of delayed f 
ture under conditions of brittle failure, the meaning 
the term “fatigue” must be reconsidered. Standard 
pact tests (Charpy and Izod), while very useful 
ductile materials, have little significance when app 
to brittle materials. 


Dielectric Studies 


The final paper of the morning session, Dieleciric 
Studies of Some Borate and Phosphate Glasses, by 
Chikara Hirayama and M. M. Rutter, Westinghouse lte- 
search Laboratories, Pittsburgh, Pennsylvania, was pre- 
sented by Mr. Hirayama, There have been extensive 
studies on the structure, composition, and physical and 
chemical properties of glasses. Numerous studies relate 
composition to dielectric properties. However, there is 
a paucity of data relating dielectric properties to tem- 
peratures above 250°C., especially in the region ap- 
proaching the softening points of glasses. Most of the 
work reported to date in this connection has dealt with 
silicate glasses of comparatively high softening point and 
high viscosity. 

A glass is an electrolytic conductor whose conduc- 
tivity depends on the composition, on the temperature, 
and, to some extent, on its thermal history and surround- 
ing atmosphere. The conductivity in a glass is attributed 
to the migration of metal ions as they jump from one 
hole to another. 

Because there is a lack of data on the dielectric proper- 
ties of lead borate and phosphate glasses with tempera- 
ture, it was of interest to study these characteristics {or 
some of these glasses. The compositions of some of the 
interesting glasses studied in this investigation are shown 
in table II. 

The glass discs for the dielectric measurements were 
cast by pouring the molten glass into an iron ring placed 
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on top of a hot steel plate. The glass was then cooled 
slowly by immediately replacing the iron ring with a 
“Chromalox” 500 watt heating ring controlled by a 
variac. A procelain cover was placed over the heating 
ring to obtain uniform heating. The discs were initially 
kept at the region of the annealing temperature for about 
3 hours, then slowly cooled thereafter. This procedure 
was found to be sufficient for annealing when the cooled 
diss were tested with polarized light. 

The sag points of the glasses were determined by an 
ar itrary method, and the values found were lower 
than those obtained by the ASTM method. The softening 
point determined by the latter method corresponds to 
the temperature at which the viscosity of the glass is 
10‘ ° poises. 

n the present investigation, the sag point was de- 
termined as the temperature region in which a glass rod 
(2) to 2.5 cm. long, 0.16 to 0.45 mm. in diameter with 
a cad of approximately 1.2 mm. in diameter attached 
at he tip) started to sag under its own weight when 
he sted in a hot tube placed in a horizontal position. 

hielectric measurements were made by painting silver 
ele trodes onto the faces of the discs (114% inch diameter). 
Or: face was completely painted while the other was 
pa nted with an electrode of 3.10 cm. diameter, The first 
baich of samples on which measurements were made up 
to 250°C. was painted with DuPont airset conducting 
Ag paint, which proved unsatisfactory at higher tempera- 
tuies. Most of the measurements were made on samples 
painted with DuPont thermoset Ag pain and cured over- 
night at 120°C. 

ower factor measurements with existing instruments 
were possible only to 250°C., while resistivity measure- 
ments were possible to the higher temperatures. The 
measurements up to 250°C. were made in an oven with 
temperature controlled to within =5°C. At temperatures 
above 250°C., the resistivity measurements were made in 
a furnace with a chromel-alumel thermocouple imbedded 
in the electrode plate. 

The capacitance for the dielectric constant and power 
factor determinations were measured by the substitution 
method on a capacitance bridge at 60 and 1000 cycles. 

There is a distinct difference in viscosity of the fused 
glass between the borate and phosphate glasses. The 
former are more fluid, and their transformation from 
solid to liquid takes place more sharply. The addition 
of SiO. to the extent of 12 per cent and Al,O; up to 
4 per cent does not seem to affect the fluidity of the 
molten glass to any great extent. In comparison, glass 


Glass 


No. PbO B02 AlsOz BaO 
1 86.7 10.3 2.92 
2 85.3 9.9 3.61 
3 84.0 9.9 4.0 
4 76.6 10.0 2.58 
5 14.0 6.0 0.39 16.5 
= 27.3 18.4 16.9 
9 (wet) * 8.7 0.60 
9 (dry) 9.2 0.63 
25 28.9 14.5 1.81 
27 49.1 20.7 4.33 19.8 
28 5.5 


* About 5 percent H2O 
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Table II 


Composition of Glasses Studied 


28, which contained 26.8 per cent of SiOz and only 5.5 
per cent of B2O; is very viscous even though its soften- 
ing point is lower than that of glass 27. 

In general, the softening point of the two-component 
glass, PbO-B.O;, will run parallel to the phase diagram 
for this system. Thus, a change in B20; away from the 
eutectic will result in an increase in the softening point. 
The replacement of PbO by SiOz, AlsOs, and BaO re- 
sults in an increase in softening point, with a concurrent 
decrease in density. 

The results indicate that with lead borate glasses, an 
increase in softening point also improves the high tem- 
perature characteristics of the power factor. For glasses of 
comparable softening temperature, the lead borate glasses 
are superior to the phosphate glasses. These follow the 
general observations that borate glasses are dielectrically 
superior to other types and that an increase of lead and 
barium concentration in the glass also improves its dielec- 
tric property. 

The results show that the lead borate glasses have 
higher electrical resistivities than the phosphate glasses. 
An increase in softening point effects a definite improve- 
ment on the dielectric property. This increase in softening 
point can be accomplished in a number of ways (vide 
infra). Because of the absence of alkali metal ions, the 
glasses of higher softening temperatures have superior 
dielectric properties below their softening points, as com- 
pared to the higher melting silicate glasses at comparable 
temperatures. 

It was concluded from this work that the dielectric 
properties of lead borate glasses are superior to those 
of other types of glasses at temperatures below the soften- 
ing point of the former. An increase in the softening 
point of lead borate glasses by substitution of PbO with 
BaO, AloO;3, and/or SiO. improves their dielectric 
properties, The lead borate glasses of low SiOz and AlsOs 
content have a higher fluidity in the molten state than 
glasses of high SiO, content. 


The Workshop 


Thursday afternoon was devoted to a “Workshop” on 
Thermal Expansion Measurements. This session, which 
proved most popular and beneficial, was designed pri- 
marily for a review by persons actually concerned in 
making thermal expansion measurements. The inter- 
change of experiences and discussion of various techni- 
ques was most informative and should be of considerable 


(Continued on page 612) 
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GLASSES 


with High Refractive Indices 


® SPECIAL LIGHT-WEIGHT 
optical glasses with high 
refractive indices and 
high dispersions have 
been developed by the 
National Bureau of Stan- 
dards for the Navy Bu- 
reau of Ordnance.' Be- 
cause of their optical 
properties, these glasses 
may be used as elements 
of compound lenses, par- 
ticularly in applications 
such as aerial photography and periscopes where a wide 
field of view with minimum distortion is essential. 

In such systems, elements of these glasses would be 
advantageous for eliminating astigmatism, coma, and 
chromatic and spherical aberrations. The low densities 
of the glasses make them especially suitable for use in 
aircraft where weight is of prime importance. 

Usually, optical glasses with high refractive indices 
and high dispersions contain lead oxide as the principal 
constituent. However, since increasing the lead content 
of such glasses increases the refractive index, it also 
places a limiting value on the corresponding dispersion. 
As glasses are needed in which both the refractive in- 
dices and dispersions can be increased beyond the pres- 
ent limits, work aimed in this direction was undertaken 
in connection with basic research in the properties of 
glass-forming systems. 





——. 
1 Properties of sodium titanium silicate glasses, by E. H. Hamilton and G. W. 


Cleek, J. Research NBS 61, 89 (1958) RP2890. 
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Fig. 1. Spectral transmittances of six sodium titanium 
silicate compositions developed by the National Bureau of 
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and Dispersions 


As a starting point for the study, use was made of ‘he 
fact that glasses containing appreciable quantities of 
titanium oxide have high-refractive indices and dis; er- 
sions. The sodium titanium silicate system was investi- 
gated in detail by E. H. Hamilton and G. W. Cicek 
of the Bureau’s glass laboratories, and found to prod ice 
glasses with the desired optical characteristics. 

Glasses were made which contained from 10 to 45 
mole percent NasO, 0 to 40 percent TiOz, and 30 to 85 
percent SiOz. For such compositions, refractive ind.-es 
range from 1.5184 to 1.8005, and y-values —inve se 
functions of dispersion—from 51.5 to 23.2. The refrac- 
tive indices are comparable to those exhibited by lead- 
containing, or flint glasses; and, as desired, the disjer- 
sions are higher than for flint glasses at corresponding 
high indices. 

For example, the titanium glass with a refractive index 
of 1.7184 had a v-value of 27.6, while extra-dense flint 
glass with an index of 1.7200 has a v-value of 29.3. ‘ihe 
lower v-value of the glass under investigation is indiva- 

(Continued on page 617) 
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Fig. 2. Graph showing refractive indices of various 
sodium titanium silicate compositions developed by 
the Bureau for use in optical instruments. 
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® ‘HE FALL MEETING of the Optical Society of America 
wes held in Detroit, Michigan, on October 9, 10, and 
11. The Frederick Ives medal for distinguished work 
in optics was presented at the annual banquet to Dr. 
Deane B. Judd of the optics and metrology division of 
the National Bureau of Standards. He won the award 
for outstanding contributions to color vision theories 


an! colorimetry over a period of many years. 
ollowing the presentation Dr. Michael Ference, Jr., 
Director of the Scientific Laboratory, Ford Motor Com- 


pauy, spoke on the subject “Spectronutronics—Regain- 
ing a Lost Horizon.” He explained how spectroscopy, 
which played a key role in the development of modern 
physical theories early in the twentieth century but fell 
into disrepute as an important part of research during 
the 1930’s, has again emerged to a position of promi- 
nence as a research and analytical tool—this time as 
microwave and infrared rather than optical spectroscopy. 
Examples include investigations of nuclear magnetic 
resonance and electron resonance phenomena with micro- 
waves, and more applications of infrared spectroscopy. 

The problem of color standards in commerce and 
industry was the subject of an invited paper by W. D. 
Wright, Imperial College of Science and Technology, 
London. He chose, the auto industry as an example, 
where very close color matches are required. Matching 
is often done visually, but instrument comparisons are 
desirable because variation from observer to observer 
is mostly eliminated. Differential color analyzers can 
often operate to closer tolerances than absolute instru- 
ments. Mr. Wright called for the development of better 
color standards, and rules for their preservation, men- 
tioning the Munsell system as a step in this direction. 

A series of contributed papers by personnel from 
the National Bureau of Standards described extension 
of the Munsell renotation system and reduction of spec- 
trophotometric data to Munsell renotation with the help 
of electronic computers. 

Progress reports were given by N. A. Finkelstein of 
Bausch & Lomb and N. S. Kapany of Armour Re- 


search on the current status of the optics of bundles 
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Optical Society Meets in Detroit 


This report on the fall meeting of the Optical 
Society of America is limited to that portion of 
the program dealing with glass research. 


of glass fibers used as flexible pipes for the transmis- 
sion of light. Emphasis was given to problems of 
drawing and fabricating fibers, which may result in 
defects that cause light leakage. One method of opti- 
cal insulation is by means of a thin coating of low- 
refractive index plastic material, of the order of one 
or two microns in thickness. Light propagation 
in a glass fiber can be studied through an interesting 
analogy with the transmission of microwaves through 
polystyrene cylinders whose diameters are of the order 
of centimeters. The glass fibers have diameters com- 
parable to, or somewhat larger than, the wavelength of 
light; the polystyrene cylinders have diameters compar- 
able to the wavelength of the microwaves used. 

New types of optical coatings on glass for the extreme 
ultraviolet were described by Richard Tousey of the 
Naval Research Laboratory. These are made of materials 
such as ZnS + Ge, Al + MgFo, Pt, and Al,O3. They 
are useful in the vacuum ultraviolet between 800A and 
2000A. It is possible to make films that have high reflec- 
tivity in the extreme ultraviolet and low reflectivity in 
the visible. Very fast evaporations are required. 

Various properties of infrared transmitting materials 
were given, among these being the emisivities and trans- 
missivities as a function of temperature of polycrystal- 
line silicon and calcium aluminate glass. The emissivity 
of silicon is low at low temperatures but high at high 
temperatures, whereas that for calcium aluminate glass 
is intermediate and less temperature dependent. Methods 
have been developed for the quick computation of trans- 
mission through coated optical materials using templates 
and nomographs. 

Infrared instrumentation has greatly expanded recently 
with the increasing use of infrared in analysis and in 
military applications. Rapid-scan spectrometry is now 
readily available. A new gold-doped germanium radi- 
ation detector is very promising in the region one to 
eight microns. Golay pneumatic dectectors are also find- 
ing increasing use, mainly in the infrared, but these 
versatile detectors can be used all the way from the 
ultraviolet to the microwave regions. 
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Arthur Phillips, Jr. Harry C. Todd 


DENMAN IN NEW 0O-I POST 

Robert R. Denman, chief project engineer, general 
research department of Owens-Illinois, has been ap- 
pointed to the newly created position of supervising 
engineer for forming processes. He will be responsible 
for the development of new glass container forming 
machines and processes, forming operations at the Owens- 
Illinois Technical Center in Toledo, and for service to 
Q-I plants on forming problems. 






19th ANNUAL GLASS CONFERENCE 

The nineteenth annual Glass Conference will be held 
on December 4th and 5th at the Ohio Historical Society 
Auditorium, Fifteenth and High Streets, Ohio State Uni- 
versity Campus. Any inquiries should be addressed to 
Dr. J. O. Everhart, Department of Ceramic Engineering, 
Ohio State University, Columbus 10, Ohio. 

One session of the Conference will be devoted to the 
problems of cords, stria and similar defects. Various 
aspects of the subject will be discussed by Dr. Leonard 
Gehring, Preston Laboratories; Jack Knighton, Ford Mo- 
tor Co.; Dr. James Poole, Brockway Glass Co.; Dr. Josef 
Francl, Owens-Illinois Glass Co.; Carl Uhrmann, Schmid 
Engineering Co.; and Larry Pemberthy, Pemberthy 
Electromelt Co. 

There will be discussions on the application of metals 
and metallic films to glass and talks on fuels and fur- 
naces. R. T. Hopper of Engelhard Industries will con- 
tribute to the former subject. The latter, fuels and fur- 
naces, will be covered by K. C. Carnes, Toledo Engineer- 
ing Co.; Don Campbell, Eclipse Fuel Engineering Co.; 
Richard L. Lang, Ohio Fuel Gas Co.; R. C. Lemay, Selas 
Corp.; and G, C. Jones, Esso Research Corp. 

These talks, among others, will be announced in the 
final program to be mailed out by November 15. 
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SOLVAY EXECUTIVE APPOINTMENTS 


Arthur Phillips, Jr., has been appointed vice president 
of Solvay process Division, Allied Chemical Corporation, 
He joined ‘the company as a salesman in 1939 in the 
Philadelphia branch and became manager of the Detroit 
sales branch in 1946. Eight years later he was nained 
assistant director of sales, and director, in 1954. 

Harry C. Todd is in the newly created post of manager 
of distributor sales and will direct the efforts of Solvay’s 
distributors throughout the nation. William J. Cannon 
has succeeded Mr. Todd as advertising manager. 

Mr. Todd has been associated with Solvay since |27 
and spent a number of years in calcium chloride sles 
work until his appointment in 1946 as manager of ad er- 
tising and sales promotion. In the past few years he 
has devoted some of his time to promoting Solv.y’s 
distributor relations and will now spend full time in 
further developing distributor sales. 

Verne W. Aubel, Jr., assistant director of sales, \1as 
become director of sales; Robert L. Reynolds, mani zer 
of the sales department’s organic chemicals section, ‘as 
become assistant director of sales; and G. Richard } ar- 
clay, assistant to the manager of organic chemicals . ec- 
tion, has been named manager of that section. 





NORELCO MICROSCOPE SCHOOL 


The Fourth Norelco Electron Microscope School will 
be held in Mount Vernon, N.Y., from November 1° to 
21, sponsored by the Instruments division, Philips E ec- 
tronics, Inc., in Mount Vernon. 

Dr. R. W. G. Wyckoff, National Institutes of Hea'th, 
Bethesda, Maryland, will be the principal speaker. 

Laboratory work will be performed at afternoon ses- 
sions using two types of electron microscopes, coniact 
microradiography, X-ray microscopes, vacuum equip- 
ment and other accessory units. 


GEN. REFRACTORIES (CANADA) 
APPOINTS TWO 


Ralph A. Shonk has been promoted to vice president 
and general manager of General Refractories Company 
of Canada, Ltd., and Fred A. Moorecroft has become 
assistant secretary and assistant treasurer. 


HAZEL-ATLAS OPERATIONAL CHANGES 

The Hazel-Atlas Glass division of Continental Can 
Company is planning a number of important changes 
in its glass operations in order to increase efficiency. 
Production capacity of the Plainfield, Ill., glass container 
plant will be more than doubled. At the same time, the 
company is going to set up a glass container research 
and development center at Plainfield. 

Later, Hazel-Atlas will close the older of two glass 
plants in Zanesville, Ohio, and an outmoded plant in 
Grafton, West Virginia. 

Increased production capacity at other plants, made 
possible by the installation of improved equipment, plus 
the projected increase at Plainfield, will more than com- 
pensate for the loss of capacity at these latter locations, 
according to J. Gordon King, general manager. 
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Annealing and Tempering 


Improvement in fabricating bent laminated assemblies. 
Patent No. 2,827,739. Filed March 2, 1955. Issued 
March 25, 1958. No sheets of drawings; none repro- 
du ed. Assigned to Pittsburgh Plate Glass Company by 
Fl-vian Victor Atkeson. 

{he present invention provides a unique method for 
efl- ting the simultaneous bending of sheets of different 
thi knesses by first tempering the thicker sheet to reduce 
its viscosity and then bending the thick and thin sheets 
sir’ ultaneously while the viscosity of the thick sheet is 
su! normal. Such treatment of the thicker sheet prior 
to exposing both sheets to heat sagging temperatures 
en bles the two sheets to be bent at the same rate of 

‘d. Furthermore, by increasing the rate of sagging 

he thicker sheet, not only are the two sheets bent more 

idly, but also the sheets are maintained in more 
mate contact with each other during the entire bend- 
operation. Thus, the formation of gaps or air spaces, 
to the glass sheets deforming at different rates, is 
vented. 

‘urthermore, by mounting the thick tempered sheet 

ve the thin sheet, the gravitational effect due to the 

«ight of the thick sheet atop the thin sheet accelerates 

rate of bending the thin sheet. 

(he present invention improves the manufacture proc- 

because the upper sheet remains in intimate contact 
ith the lower sheet by virtue of its lower viscosity due 
its previous tempering. Hence, when the bending cycle 
completed, the sheets are matched perfectly, despite 

‘complexity of the bend they undergo. 

There were 6 claims and the following references. 


United States Patents 


2,377,849, Binkert et al., June 12, 1945; 2.470.461. 
Black, May 17, 1949. 


Foreign Patents 


143,536, Great Britain, Mar. 2, 1936. 


Apparatus for bending glass. Patent No. 2,827,738. Filed 
January 28, 1955. Issued March 25, 1958. No sheets of 
drawings; none reproduced. Assigned to Pittsburgh 
Plate Glass Company by Harold E. McKelvey. 

When certain shapes of precut glass sheets are 
mounted on an open mold, it is desirable that the flat 
glass extend slightly beyond the mold in order to insure 
that the glass does not fall from its position of support 
on the mold, and shatter into fragments which disrupt 
the operation of a bending lehr. However, if the flat 
glass sheet extends beyond the edge of the mold to a 
distance greater than about 14 inch, the glass is marred 
within its viewing area when mounted in a window 
frame. 

Adjustable support elements comprising spaced tabs 
aligned to intersect the plane of the flat glass mounted on 
the open mold are provided to support the longitudinal 
extremities of the glass extending beyond the longitudinal 
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extremities of the open mold. These support elements 
also comprise additional tabs extending in a plane angu- 
larly disposed relative to the plane of the flat glass sheet 
to provide an edge bearing guide for locating the ex- 
tremities of the flat glass. 

The amount of metal contacting the glass extremities 
for guide and support purposes is limited. If the tabs 
touching the glass are too thick, stresses are established 
in the glass during the bending process. These stresses 
may result in fracture or in the production of defective 
bent glass sheets. 

Accordingly, it is an object of the present invention to 
provide an element for use with glass bending molds, 
which element eliminates reverse sagging and minimizes 
marring and stressing of glass sheets bent upon such 
molds. 

There were 8 claims and the following references. 


United States Patents 
2,176,999, Miller, Oct. 24, 1939; 2,261,023, Galey, 
Oct. 28, 1941; 2,518,896, Jendrisak, Aug. 15, 1950; 
2,518,951, Smith, Aug. 15, 1950; 2,551,606, Jendrisak, 
May 8, 1951. 


Foreign Patents 


710,393, Great Britain, June 9, 1954. 


Feeding and Forming 


Glassware Handling Mechanism. Patent No. 2,804,963. 
Filed March 24, 1955. Issued September 3, 1957. No 
drawings. Assigned to Owens-Illinois Glass Company by 
Edward A. Nowak. 

The present invention relates to glassware handling 
mechanism and more particularly to means for transfer- 
ring tumblers and like articles of glassware from a 
decorating machine or such apparatus to a conveyor 
which carries the articles to an anealing or decorating 
lehr. 

The handling apparatus provides an air-operated pis- 
ton motor for supporting and actuating the vacuum 
chuck and the provision in such a structure, for axially 
adjusting the motor cylinder independently of its piston, 
piston rod, and the vacuum chuck whereby the outer- 
most position of the chuck may be varied to compensate 
for differences in the length of the articles being handled 
while the innermost or transfer position of the chuck 
remains unchanged. 

Thus, by adjusting the cylinder axially it is possible 
to predetermine the outermost position of the chuck as 
required by the particular article being handled without 
in any manner varying the innermost position of this 
chuck at which articles are released for gravity transfer 
to cradles. 

The handling mechanism will transfer tumblers and 
similar ware without bringing the handling mechanism 
or any part thereof into contact with the decorating ma- 
terial that has been applied to the article. 

(Continued on page 608) 
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PROMOTED BY OWENS-ILLINOIS 


C. Carwood Lipton has 
been named chief industrial 
engineer of the glass con- 
tainer division, Owens-Illi- 
nois Glass Company, Toledo, 
replacing Oliver F. Runde 
who was recently promoted 
to assistant manager of the 
# company’s Fairmont, West 
Virginia plant. 
















































C. Carwood Lipton 


UNITED CAN 5-YR. FURNACE CAMPAIGN 

United Can & Glass Company, Hayward, California, 
has just issued a report on the continuous operation of 
a container glass furnace for a period of 1,77314 days, 
ending in May, 1958. Stating that this may be a record 
in container glass furnace campaigns, Jack Swearingen, 
plant manager, pointed out that a total of 254,036 tons 
of clear flint bottle glass was melted during the 1,844- 
day (5 years, 18 days) campaign, averaging 143.26 tons 
of glass per day. The average pull was 4.71 square feet 
per ton on 676 sq. ft. of melting area. 

Comparing the figures with the previous campaign 
which ended in 1953, the total tonnage of glass melted 
was more than three times as much. Gas consumption 
per ton was reduced by almost one-third. 

Many changes in design and operating procedures 
were made after the 1953 campaign, among which were 
an increase in the melting area, the regenerative system, 
the checker system and in the flue area. The 608-sq.-ft. 
melting area was enlarged to 676 sq. ft. The increase 
in the regenerative system, built almost entirely of basic 
refractories, boosted the heat recovery and contributed 
to lower fuel consumption. 

The checker system was increased 30.68 per cent, 
from 249 to 325 tons, and the flue area, 27.2 per cent, 
from 11,400 to 14,500 square feet. 

Commenting on the recent 5-year campaign, Mr. 
Swearingen said that the use of basic refractories con- 
tributed greatly to the efficiency of the furnace. “We 
were extremely pleased,” he continued, “with the out- 
standing performance of the fused-cast material used in 
the tank proper and superstructure and the flux clay 
used in the bottom.” 

A technical paper reviewing the tank performance in 
this campaign was delivered last month at the Pacific 
Coast regional meeting of the American Ceramic Society 
at Los Angeles. A second paper, discussing the regen- 
erative system, is expected to be delivered at the annual 
Glass Conference at Columbus, Ohio, in December. 


Length of Operation 

Total Glass Melted 

Average Glass Per Operating Day 

Total Glass Per Sq. Ft. Melting Area During Campaign 
Sq. Ft. Melting Area Per Ton Day 

Melting Area 


Total Checker Mass 
Flue Area 
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Average Consumption 1000 BTU Natural Gas Per Ton of Glass 


TWIN PANEL TV TUBE 


Corning Glass Works has developed a new method of 
glass lamination which is being introduced in a shatter. 
proof, dustfree contoured twin panel TV tube. The new 
tube is made of a second contoured glass face panel 
which is laminated permanently to the original bulb and 
obviates the need for the present front safety plate. 

Bonding the two panels is accomplished by casting 
a liquid plastic between the surfaces to be laminated 
and applying moderate heat. No pressure is necessary 
and no special mountings or gaskets are required. 'ur- 
thermore, Corning reports, this operation can be »er- 
formed on a mass production basis by the picture ‘ube 
manufacturer, or by the set producer. 

In assembling, the tube is set horizontally on our 
flexible spacers inside the twin panel, and the inier- 
mediate space between the glass faces is filled with f'uid 
plastic dispensed from commercial mixer-degasser eq \\ip- 
ment. The plastic is given a brief cure. 

The spacers, which yield to allow for plastic shr‘nk- 
age during cure, have the same index of refraction as 
the fluid plastic, the tube glass and the panel glass. 

The particular laminating materials used by Corr ng 
were developed by Rohm & Haas Company and The low 
Chemical Company. 
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Assembling new contoured twin panel television tube at 
Corning Glass Works. Completed tube is placed in twin 
panel before the laminating materials are added. Flexible 
spacers and glass skirt of twin panel assure accurate 
placement of television tube. Resins are added to effect 
permanent bond between two glass plates. 





Table 1: Operating Data 


Campaign Campaign 
Ending 1953 Ending 1958 
685 Days 1,773% Days 
79,054 Tons 254,036 Tons 
foe. 143.26 —-” 
130.02 ” 375.0. ” 
5.27 Sq. Ft. 4.719 Sq. Ft. 
608 si 676 = 
7,920 Cu. Ft. 5,979 Cu. Ft. 
249 Tons 325 Tons 
11,400 Sq. Ft. 14,502 Sq. Ft. 
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Silicone Films on Glass Surfaces 
1. Comparative Study of their Effect 
on Mechanical Strength. 
@ PeCAUSE OF INCREASING USE of high-speed filling and 
capping lines, mechanical shock to containers is becom- 
ing more severe and the improvement in shock resistance 
ilicone treated containers which had been reported 
ave been achieved in America led to this investiga- 
The study is reported by D. T. Bumpsteed in the 
ust, 1958, issue of the Journal of the Society of Glass 
inology. 

|, these tests the silicone solutions were sprayed on 
the containers while in the annealing lehr. The positions 
ch: sen for spraying were maintained at temperatures of 
440°C and 220°C, respectively, in the normal process 
of annealing. At these temperatures it was impossible 
to utilize one of the normal types of commercial spray 
unis, as this would have necessitated cutting slots in the 
toy of the lehr, and thus upsetting the temperature condi- 
tion. Consequently, a spray had to be designed that 
could be introduced through the side of the lehr, pre- 
ferably through a thermocouple hole. The usual solution 
uscd for the application of silicone was 1 per cent 
solution made up in distilled water. The solution was 
always used the day it was made up. Stabilizers, such 
as acetic acid, were never included. 

[he impact testing apparatus consisted essentially of 
a means of dropping a 20-lb. weight on to the top or 
base of the container under test. In the case of a 1-lb. 
jam-jar, a plug is placed on the base-plate, over a rubber 
insertion mat. The ring of the jar is placed over the 
plug, so that it rests on the rubber mat. A steel cylinder 
1% in. shorter than the jar is placed around it and located 
by pins. On the base of the jar a piece of shaped Wey- 
rock is fitted. The weight is then raised and dropped at 
2-in. intervals until the jar breaks. The result is recorded 
as ‘inches of drop’. 

Two types of shaking machines for the mechanical 
abrasion of bottles have been developed. The earlier 
type consisted of a wooden tray capable of holding five 
dozen 1 lb. jam-jars, which was fitted with castors and 
ran in two angle-iron guides. The tray was operated 
by an electric motor that gave a reciprocating action of 
2 in. movement, at the rate of 175 times per minute. 
This gave a to-and-fro motion to the jars. 

With later shaking tests a second machine was de- 
signed. This second machine consisted of a rigid Wey- 
rock platform which was held in contact with the top 
of a Sinex vibrator by means of four tension springs; 
the vibrator was held on to the base-plate by a second 
set of springs. The machine gave consistent shaking over 
the whole of the top of the platform. The jars to be 
tested were placed loosely in a 1-lb. jam-jar divisionless 
cardboard carton, designed to hold two dozen jars. The 
number of jars tested to plot each point on the test 
graph was two dozen. 
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The procedure was as follows: 

A brick was put in the lehr through the spraying hole 
and after a 3-min. pause a second brick was inserted. 
The spray unit, which had been turned on with full air, 
and sufficient solution to produce a fine spray, was in- 
serted through the hole. After a suitable number of 
bottles had been treated the spray was withdrawn and 
another brick put in the lehr. After an interval of 3 to 
5 minutes a fourth brick was put in the lehr. 

At the lehr mouth a number of suitably marked divi- 
sioned carboard cartons were arranged. All jars between 
the first and second and third and fourth bricks were 
thrown away because they often became partially sili- 
coned and may have inconvenienced the customer on 
his labelling machine. The jars between the second and 
third brick were sorted and put into cartons for trans- 
port to the laboratory. After a short interval, unsorted 
untreated and sorted untreated jars were also carefully 
selected and placed in cartons. The whole batch was 
then sent to the laboratory. 

For the impact tests, cartons were selected at random, 
the contents weighed and the mold numbers noted. After 
impacting, the results were scrutinized for any obvious 
anomalies, such as the impact result upon one mold 
being consistently low; none was found. 

With the latest types of silicones the solutions were 
applied at a position about 10 ft. from the sorting end 
of the lehr, as these solutions need only be applied at 
100°C or less. 

The results of the first set of trials showed that the 
jars treated at low temperatures are stronger than the 
normal untreated jars, and also the jars treated at high 
temperature are somewhat weaker than the normal jars. 
This indicates that the low-temperature treatment affords 
some slight protection against surface scratching, and, 
in fact, these jars had a greasy feel. The high-tempera- 
ture-treated jars had a rough feel and scratched easily. 
No further attempts at high temperature treatment were 
made. 

A second set of results, with two new silicones, ap- 
plied at the 220°C position in the lehr, gave the follow- 
ing figures: 


19 in. 
25 in. 
26 in. 
14 in. 

From these figures, it can be seen that the untreated 
jars are less strong than the treated jars; also, that 
with silicone B, the protection was almost 100 per cent. 
This difference in strength between sorted and un- 
scratched bottles gives an indication of the benefit to be 
gained from the use of these films. 

For a silicone appplied at a temperature of 100°C, 
i.e. at 10 ft. from the sorting end of the lehr tunnel, 
the treated sorted are nearly as strong as the pristine 
jars. The samples have been abraded in the second type 


Silicone A 

Silicone B 

Untreated unscratched 
Untreated sorted 
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of shaking macnine tor periods of 114, 3, and 6 minutes. 
The pristine jars rapidly lost their strength advantage 
when subjected to shaking, whereas the treated jars 
retained their strength throughout the test. Also interest- 
ing was the fact that the unscratched jars maintained 
their higher strength increment over sorted jars through- 
out the shaking tests. 

From the results it is obvious that the application 
of silicone films to the surface of glass containers affords 
nearly 100 per cent protection against surface scratching. 
It is further apparent that these surface scratches account 
for over 50 per cent decrease in the mechanical strength 
of the jar in extreme cases, and that even the simple 
act of sorting causes up to 25 per cent decrease. The 
silicone film is cheap and extremely simple to apply, 
and need cause no interruption to production. It is 
unfortunate that the hydrophobic properties of the film 
cause difficulty in applying labels by the normal labelling 
machines, but it is likely that this problem will be over- 
come, 


2. Effect of silicone Treatment on the Chemical 
durability of Glass Containers. 

Tests were carried out to learn if silicone films would 
give protection equivalent to sulfur treatment to bottles 
of normal container glass composition and the results 
are described by G. H. Bryant in the August, 1958, issue 
of the Journal of the Society of Glass Technology. 

The containers used in the test were 8-oz. square 
bottles which are normally sulfur treated by the admis- 
sion of sulfur dioxide into the annealing lehr. Samples 
were taken of normal sulfur-treated bottles, the gas 
was turned off for a period of approximately 3 hours 
and samples were then taken for use as untreated con- 
trols and for silicone treatment. 

It was not convenient in this case to spray the con- 
tainers, so they were treated by dipping in a 2 per cent 
solution of silicone in carbon tetrachloride and curing 
for 1 hour at 110°C, 

The silicone used contained an appreciable quantity 
of unhydrolyzed methyl chlorosilanes and it was thought 
that this quantity of free acid would have an effect 
similar to sulfur dioxide in neutralizing free surface 
alkalinity. 

The samples were all prepared in the same way: 


1. Washed four times with tap water. 

2. Washed once with N/10 acetic acid. 

3. Washed three times with carbon dioxide free 
distilled water. 


They were then immediately filled with carbon dioxide 
free distilled water to the base of the neck, capped with 
inverted 100 ml. Pyrex beakers and placed in the inner 
container of the autoclave. 2 liters of carbon dioxide 
free distilled water was put in the autoclave. The auto- 
clave was closed and switched on, the relief valve being 
left open until steam had issued freely from it for 5 
minutes. 

It was then closed and the autoclave allowed to attain 
pressure; this took approximately half an hour. The 
time of the test was taken from the attainment of pres- 
sure and at the end of the time the autoclave was switched 
off and the relief valve opened slightly, so that the 
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pressure dropped to atmospheric in half an hour. Ip 
this way loss of solution from the bottles was avoided, 
The autoclave was then opened and the contents of the 
bottles drained into 600 ml. Pyrex conical flasks con- 
taining excess of N/100 sulphuric acid and 5 drops of 
bromothymol blue indicator were added. A flask con- 
taining the same quantity of carbon dioxide free distilled 
water, sulphuric acid and bromothymol blue was used 
as a blank. The flasks were closed with Pyrex ‘bobbles’ 
and boiled for 5 minutes. They were then titrated with 
carbon dioxide free caustic soda to the pH 7 end point. 
The results were expressed as total alkali extracte: in 
mg NavO per square decimeter. 

From the results obtained it would appear that: 

1. The silicone film did not prevent migratior of 
sodium ions from the surface of the glass to any great 
extent, for in all cases the silicone film appeared tc be 
intact at the conclusion of the tests. 

2. The sulfur dioxide must have some effect, o her 
than that of neutralizing the free surface alkalinity, for 
the silicone solution had a much greater acidity than the 
sulfur dioxide though, of course, it was in a non-p lar 
solvent. 

3. There seemed to be a tendency for the value: to 
approach each other as the duration of the perioc of 
test increased, and an indication that eventually the 
silicone-treated bottles would have a lower extraci on 
than either the untreated or the sulfur-treated boti ‘es. 
This could be due to the protection by the silicone {:lm 
of the surface of the glass from attack by the increasin «ly 
alkaline solution in the bottle. 

It appears that for neutral solutions under normal 
conditions of usage, silicone-treated bottles have |iitle 
advantage over normal untreated bottles, as far as ihe 
possible extraction of alkali from the glass is concerned. 
However, over prolonged storage periods, or if the 
original solution was slightly alkaline, there could be 
some advantage in their use. 

It seems there is scope for an extension of the investi- 
gation, using 

1. Longer test runs. 
2. Higher test pressures. 
3. Alkaline and acid solutions in the containers. 


WESTVACO APPOINTMENTS 


John M. Richard has been appointed New York district 
sales manager of Westvaco Chlor-Alkali division of Food 
Machinery and Chemical Corporation. John R. Jacobucci 
has become alkali product manager; Robert E. Cochran, 
assistant alkali product manager; and Charles E. Kaneen, 
assistant to the sales manager. 


KNOX OPENS NEW ENGLAND PLANT 

Knox Glass Incorporated formally opened its 4- 
million-dollar plant in New England in late September. 
The plant, the first one of its kind in the New England 
area since the beginning of the century, will produce 
bottles, jars and other types of glass containers for use 
by food, beverage, cosmetic, drug and chemical plants 
with processing facilities in New England. 
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Current Statistical Position of Glass 








Employment and payrolls: Employment in the glass 
industry during August, 1958, was as follows: Flat Glass: 
a preliminary figure of 26,600 given for Augusi, 1958, 
indi ates an increase of 9.01 per cent over the adjusted 
24.400 reported for July, 1958. Glass and Glassware, 
Pre sed and Blown: an increase of 0.1 per cent is shown 
by ‘xe preliminary figure of 82,300 reported for August, 
195.:, when compared with the adjusted figure of 82,200 
rec rded for July, 1958. Glass Products Made of Pur- 
cha ed Glass: the preliminary figure of 13,100 given for 





GLASS CONTAINER SHIPMENTS 
(All Figures in Gross) 


‘row Neck Containers 
September, 1958 


cinal and Health Supplies 
iical, Household and Industrial 
i tries and Cosmetics 
rage, Returnable 
rage, Non-Returnable 
Returnable 


1,387,000 
895,000 
971,000 


Sub-total (Narrow) 


Wide Mouth Containers 


Fo ] 

Me‘licinal and Health Supplies .... 
Chemical, Household and Industrial . 
Toiletries and Cosmetics 

Packers’ Tumblers 

Dairy Products 


365,000 
157,000 
192,000 

31,000 
192,000 


*5,177,000 
13,299,000 
244,000 


Sub-total (Wide) .... 
Total Domestic 5 tre 
Export Shipments ..... 


TOTAL SHIPMENTS .. 


* This figure includes Fruit Jars and Jelly Glasses. 


*13,543,000 





GLASS CONTAINER PRODUCTION 
AND INVENTORY 
(All Figures in Gross) 


Production 
Sept., 1958 


Stocks 
Food, Medicinal and Sept., 1958 
Health Supplies; Chemi- 
cal, Household and In- 
dustrial; Toiletries and 
Cosmetics 


Narrow 


Neck 5,064,000 6,675,000 


*4,635,000 
362,000 
92,000 
179,000 


*5,523,000 
1,772,000 
245,000 
401,000 
883,000 
1,549,000 
576,000 
118,000 
229,000 


Beverage, Returnable ee 
Beverage, Non-Returnable 
Beer, Returnable 

Beer, Non-Returnable 759,000 
iquor 981,000 
Wine ... 317,000 
Packers’ Tumblers 31,000 
Dairy Products 177,000 





*12,597,000 *17,971,000 


* This figure includes Fruit Jars and Jelly Glasses. 
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August, 1958, indicates an increase of 3.1 per cent over 
the previous month’s adjusted figure of 12,700. 

Payrolls in the glass industry during August, 1958, 
were as follows: Flat Glass: an increase of 24.6 per cent 
is shown in the preliminary $14,267,763.06 given for 
August, 1958, when compared with July’s adjusted $11,- 
448,981.91. Glass and Glassware, Pressed and Blown: an 
increase of 2.1 per cent is shown in the preliminary $30,- 
657,409.22 reported for August, 1958, when compared 
with the previous month’s adjusted $30,018,226.73. 
Glass Products Made of Purchased Glass: a preliminary 
figure of $4,047,719.61 was reported for August, 1958. 
This is an increase of 4.7 per cent when compared with 
the adjusted figure of $3,865,794.28 for July, 1958. 


Glass container production: production based on 
figures released by the Bureau of the Census, Industry 
Division, was 12,597,000 gross during September, 1958. 
This is a decrease of 6.4 per cent from the previous 
month’s production figure, 13,453,000 gross. During 
September, 1957, glass container production was 12,410,- 
000 gross, or 1.5 per cent under the September, 1958, 
figure. At the end of the first nine months of 1958, 
glass container manufacturers have produced a prelimi- 
nary total of 109,667,000 gross. This is 2.2 per cent 
below the 112,114,000 gross produced during the same 
period in 1957. 

Shipments of glass containers during September, 1958, 
came to 13,543,000 gross, a decrease of 2.9 per cent from 
August, 1958, shipments which totaled 13,951,000 gross. 
Shipments during September, 1957, amounted to 9,391,- 
000 gross, or 30.6 percent under September, 1958. At 
the end of the first nine months of 1958, shipments have 
reached a preliminary total of 108,739,000 gross, which 
is 0.3 per cent above the 108,360,000 gross shipped dur- 
ing the same period of the previous year. 

Stocks on hand at the end of September, 1958, came 
to 17,971,000 gross. This is 5.1 per cent under the 18,- 
927,000 gross on hand at the end of August, 1958 and 
4.9 per cent higher than the 17,125,000 gross on hand at 
the end of September, 1957. 


RHEIM RETIRES—KIMBLE GLASS 

E. J. Rhein has retired from Kimble Glass Company 
as consultant for the scientific division. He had been 
associated with the firm 28 years, having started work 
there in 1930 as assistant general sales manager. In 1939 
he became sales manager of the division, a post he held 
until June, 1958, when he was named division consultant. 

Mr. Rheim played an important role in the establish- 
ment of the Kimble Methodology Award for outstand- 
ing achievement in public health and the Kimble Medical 
Technology Award for achievement in that field. 

He has been director of the Scientific Apparatus 
Manufacturers’ Association and has been on the execu- 
tive committee of the laboratory and optical section of 
that association for the past 30 years. 
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SEYLER RETIRES FROM PPG 


Henry J. Seyler has re- 
tired from Pittsburgh Plate 
Glass Company as chief in- 
spector of glass manufac- 
turing operations. He first 
joined the company in 1905 
as a craneman for the Ford 
City, Pa., plate glass plant. 
He has been chief plate glass 
inspector since 1930. 

Mr. Seyler has been suc- 
ceeded by Jay H. Livengood. 





Henry J. Seyler 


PROMOTED BY DIAMOND ALKALI 
Frank Farkash has been promoted to assistant plant 
manager of Diamond Alkali Company’s sodium silicate 
plant at Jersey City, N.J. He had previously been tech- 
nical assistant to the manager of the Jersey City plant. 


MOHR JOINS L.0O.F. GLASS FIBERS 
7 J. Gilbert Mohr has rejoined 
*~ L.O.F. Glass Fibers Company 


as an engineer in the product 





planning department. He has 
been associated with Allied 


Chemical Corporation _ since 
1955 and was also general man- 
ager of the process development 
Company and quality control 
manager with the fiber glass 
division of Libbey-Owens-Ford 
Glass Company. 


J. Gilbert Mohr 

He is the inventor of several devices for manipulating 

glass fibers and producing improved reinforced plastic 
structures, 


LILLIE TO HEAD GLASS COMMISSION 


Howard R. Lille, staff research manager, Corning 
Glass Works, has been named president-elect of the 
International Commission on Glass and will succeed 
Dr. B. P. Dudding as president next July during the 
Commission’s fifth annual congress at Munich, Ger- 
many. 

He was elected by the Commission on Oct. 10. The 
occasion was a meeting in connection with an interna- 
tional symposium on glass melting. 

Mr. Lillie, associated with the research and develop- 
ment division of Corning Glass Works since 1927, is a 
past president of the American Ceramic Society. He 
has also been chairman of the Glass Division of the 
Society and chairman of the Upstate New York Section. 

He became a member of the International Commis- 
sion in 1950 and has served on its executive committee 
ever since. 

Other American members of the Commission are 
Dr. N. J. Kreidl, Bausch and Lomb Optical Company; 
Professor F. V. Tooley, University of Illinois; C. L. 
Babcock, Owens-Illinois Glass Company; Dr. J. C. Hos- 
tetter (honorary vice president); and Dr. G. W. Morey 
(honorary member). 
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Robert T. Wallace 


Kenneth M. Henry 


0-I ENLARGES RESEARCH DEPT. 

Kenneth M. Henry has been named associate dir:ctor 
of research for the general research department of Ov ens- 
Illinois Glass Company, according to James W. Ha «ett, 
research director. He had formerly been an ass: tant 
director of research. 

Robert T. Wallace has been promoted to assista:: re- 
search director in charge of applied research in orgs iics. 
In his previous position he had been chief of pl: -tics 
development. 

Dr. J. M. Teague, who continues as an assistant « rec- 
tor, will direct work in inorganic research. Fran’ R. 
Bacon has been promoted to chief of the chem stry 
section. 

B. L. Steierman will be in charge of fundam: atal 
research. 


CORNING ANNOUNCES CERCOR STRUCTULES 

Corning Glass Works has introduced thin-walled 
ceramics which have been formed into lightweight 
honeycomb structures capable of operating at high ‘em- 
peratures. Made by the new Cercor process, these ma- 
terials can withstand temperatures up to 1000°C with 
almost no thermal expansion. They can operate con- 
tinuously at 700°C and at these temperatures are re- 
sistant to oxidation and corrosion. 

These materials can withstand extreme thermal shock, 
according to Corning, and have a coefficient of thermal 
expansion equal to 1 x 107 per degree C (from 0 to 
300°C). 

One of the base materials for available Cercor picces 
is Pyroceram, also a Corning product. 

Some possible applications of this new material, ac- 
cording to John B. Ward, general manager of the 
company’s new products division, are preheaters and 
aftercoolers, burner plates or covers, column packing 
material, or architectural materials where lightness, 
thermal shock resistance and high-temperature strength 
are required. 

The 20-hole-per-inch corrugated structures have a 
surface area of 1500 square feet per cubic foot of ma- 
terial. Of this total face area, 75 to 80 per cent is open 
space; hole sizes of Cercor pieces are approximately 
0.095 inch long and 0.045 inch high. 

Density of the material is about 30 pounds per cubic 
foot and the specific heat at room temperature, 20. The 
average wall thickness is 0.005 inch. 
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| New Equipment and Supplies Mes | 





HIGH-TEMPERATURE 
FURNACE 


K. H. Huppert Company, 6840 Cot- 
tage Grove Ave., Chicago 37, IIl., has 
a new high-temperature furnace, elec- 
trically heated, which operates up to 
3100° F without the requirement of a 


prot-ctive furnace atmosphere. It is 
avai able in standard small sizes and 
larg:r special types designed for a 
spec fic processing requirement. 


DI L THERMOMETERS 

LS. Gauge division of American 
Ma: ine and Metals, Inc., Sellersville, 
Pa.. has a completely. designed line of 
ind| ating dial thermometers for meas- 
uri! s temperatures in the range of 
-35'° F to +1000° F. The new line 
inc ides remote or direct reading ther- 
moieter types; methods of ambient 
ten erature compensation, where re- 
qui ed; filling mediums for different 
tem erature ranges and uses; and ther- 
moiieter bulbs of different _ sizes, 
shaves and materials to suit applica- 
tion needs. 


LIsSHTWEIGHT TRACTORS 

Lewis-Shepard Products, Inc., 125 
Wainut St., Watertown 72, Mass., has 
introduced a new line of electrically 
powered industrial tractors which can 
be operated either as a rider-type or 
“walkie” vehicle. The company recom- 
mends these lightweight tractors for all 
order-picking operations and general 
tractor-trailer use. 


ROTARY-SCREW 
AIR COMPRESSORS 

\tlas Copco, after 2 years of field 
tests, has announced full production 
of positive-displacement rotary-screw 
air compressors delivering up to 19,250 
cubic feet of air per minute. They de- 
velop four complete compression cycles 
per revolution and operate at speeds 
of 3,600 rpm’s. 

In operation, the compressor draws 
air into the front end of its two-screw 
assembly. As the large threads or lobes 
of the parallel-mounted screws rotate 
into each other’s grooves at high speed, 
air is spiraled ahead into increasingly 
smaller interlobe volumes until it is 
forced through the discharge port at 
pressures ranging up to 120 psi. 
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This Swedish ~.m maintains offices 
at 610 Industrial Ave., Paramus, N. J., 
and 930 Brittan Ave., San Carlos, 
Calif., with district offices throughout 


the U.S. 


BIN VIBRATORS 

Eriez Manufacturing Company, Erie, 
Pa., has added two new models to its 
recently introduced line of V3B Unit 
(Bin) Vibrators. These latest models 
are for bins, chutes, and hoppers with 
wall thicknesses not exceeding 3/16 
inch and approximately 20 cubic feet 
capacity. 


CONSTANT WATER TEMP. 

Powers Regulator Company, Skokie, 
Ill., has developed a thermostatic con- 
trol, called Hydroguard, to replace the 
conventional hot- and cold-water hand 
valves used for rinsing operations re- 
quiring warm water of constant tem- 
perature. This device has solved a 
problem for Argus Cameras, Ann Ar- 
bor, Mich., in rinsing 
lenses after polishing. 

According to James Thompson, Ar- 
gus manager of manufacturing serv- 
ices, “Immediately after polishing the 
lenses, the polisher puts the lens block 

holding from one to 300 lenses— in 
the rinsing sink directly behind him. 
He steps on a foot pedal, and water 
ranging from 120° to 140° F. showers 
on the lenses for several seconds, wash- 
ing off all the rouge.” 


rouges from 


Warm water must be used because 
it removes all traces of the 
rapidily, and speeds 
the drying of the lens surface after 
rinsing. 

With the old method, the polishers 
had to adjust the valves frequently to 
prevent the water from becoming too 
hot or too cold. 

Through the use of the Hydroguard, 
hot water is mixed ith cold city 
water at 50° F. to prov:de a constant- 
temperature water flow at 10 g.p.m. at 
each of the 14 rinsing sinks. The sinks, 
in turn, draw their 180° F. hot water 
from a re-circulating water line. The 
Hydroguard can be set for the desired 
temperature; a thermostatic element in 
the control automatically compensates 
for any temperature fluctuations in 
the hot or cold supply lines. 


rouge, 


which hardens 


GRINDING EQUIPMENT 

Allis-Chalmers Manufacturing Co., 
Milwaukee, has developed a_pre-en- 
gineered dry grinding plant, consist- 
ing of a vibrating mill and all auxiliary 
equipment. Designed as a package unit, 
it will deliver finely controlled product 
sizes at capacities up to 1 ton per hour. 

The unit occupies 127 sq. ft. of flour 
space and can be readily installed in 
an existing building. 


CATALOGS RECEIVED 

The Commodity Standards Division, 
U. S. Department of Commerce has 
published a new edition of the Com- 
mercial Standard for Interchangeable 
Ground-glass Joints. It provides stan- 
dard dimensional requirements for ob- 
taining, within practical limits, inter- 
changeability in 
stopcocks, 


tape-ground joints, 
spherical- 
ground joint for ordinary laboratory 
and industrial work. The most 
monly used material is glass. 

Copies may be obtained from the 
Superintendent of Documents, U. S. 
Government Printing Office, Washing- 
ton 25, D. C., at 15 cents each. When 
writing, ask for “Interchangeable 
Taper-Ground Joints, Stopcocks, Stop- 
pers and  Spherical-Ground 
CS21-58.” 


stoppers, and 


com- 


Joints, 


The Scientific Glass Apparatus Co., 
Inc., Bloomfield, N. J., has released the 
34th edition of “What’s New for the 
Laboratory,” which contains approxi- 
mately 34 items. 


Fischer & Porter Co., 822 Jackson- 
ville Road, Hatboro, Pa., has published 
a new technical bulletin giving speci- 
Floguide Meter, a 
metal tube variable-area Flowrator me- 
ter with a glass tube indicating ex- 
tension. The meter is especially suited, 
states the company, for low-pressure 
gas fluid gas-fired 
furnaces. 


fications on the 


measurement on 


Lewis-Shepard Products, Inc., 125 
Walnut St., Watertown 72, Mass., has 
published a booklet which illustrates a 
new line of four-wheel freight carts 
with removable and replaceable hard- 
wood decks. This feature, according to 
the firm, adds years of operational serv- 
iceability to the carts. 
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Modern Concepts of Glass Structure 

(Continued from page 589) 

in a compromise which should permit, if possible, agree- 
ment with the crystallite theory. 


Evolution of the Hypothesis of Zachariasen. 
The Modern Concept. 


One of the first improvements applied to Zachariasen’s 
concept has been the recognition of the fact that the co- 
ordination numbers are not fixed: boron, for example, 
may pass from coordination 3 to coordination 4 as one 
increases the Na2O content in sodium borate glasses. 

On the other hand, typical network modifiers may 
play, under certain conditions, the role of network form- 
ers. Thus, the notion of former and modifier ions in the 
network has not maintained its earlier absolute signifi- 
cance. Dietzel** has first suggested that this participa- 
tion in a vitreous network must be governed by a “com- 
petition principle” which classes the cations in the order 
of field strength Z/a? exerted in the center of a neighbor- 
ing oxygen ion, Z being the charge of the ion and a the 
interval between the two ions. 

It is then the cation for which Z/a is largest that be- 
comes the network former. One now assumes a con- 
tinuity between network formers and modifiers based 
on Sun’s criterion*® according to whom the glass-forming 
ability of an oxide is defined from the simple bonding 
energy. This is the relation of the dissociation energy 
of a fictive molecule to the coordination number of the 
cation. For glass formers this energy must surpass 80 
calories. It is less than 60 for the modifiers and 60-80 for 
the intermediate ions. 

Another improvement was administered to Zacharia- 
sen’s hypothesis by Smekal*® who has sought to state 
the nature of the chemical bonds in the vitreous condi- 
tion. After Smekal, a glass cannot be formed from com- 
ponents belonging to only one of the four fundamental 
types of bonding: molecular, atomic, ionic, metallic. 

Glasses form only from substances having a certain 
mixture of these bonds, that is, mixed bonds conveniently 
distributed. In the system besides clearly directed bond- 
ing forces, there must be undirected forces such as ionic, 
or even Van der Waal, forces which are only partially 
directed. 

To sum up, bonding in the interior of the polyhedra 
must be variable; it must assume, by statistical super- 
position, a more-or-less heteropolar character, which 
can explain a certain deformation of the tetrahedra. 
More recently, Mme Winter** has remarked on the im- 
portance that p electron bonding seems to have for the 
formation of glass and the privileged number of four p 
electrons per atom in vitrification. The notion of net- 
work former is therefore replaced by one of network- 
forming bonds, the p bond being a directed bond. One 
may say that this idea approaches that of Smekal. 

Anyway, this notion of variable bond has permitted 
the investigators to conceive a more regular network 
structure than had been stated by Warren. The tetra- 
hedra would not, for instance, be absolutely indeform- 
able, and the 109.5° angle in the center could vary by 
several degrees to compensate for the distortions intro- 
duced by abnormal meshes. 

It appears established (see Peyches**) that particularly 
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vitreous silica presents, like quartz, an arrangement in 
rings of SiO,4, as revealed by the 12.5 micron band in 
its IR absorption spectrum, But the shape of these angu. 
lar meshes will not always be that of a left regular hexa- 
gon, and could be a left pentagon or heptagon, assuming 
some errors in the construction of the network, which 
would derive from the inaccuracy of the imper‘ectly 
directed Si-O bond. 

Oberlies** has calculated the probability of the forma. 
tion of 4, 5, 6, 7, and 8 rings and finds a maximu: for 
hexagons, with a fair probability for tetragons and octa- 
gons (see Fig. 1). The latter could correspond to a non- 
closed tetrahedron chain. 

Here mention should be made of the hypothesis fo med 
by Carino-Canina** according to which these ruptu ‘s in 
the meshes could be attributed to the presence in . itre- 
ous silica of the OH ion at the extremities of non-c sed 
chains. Indeed, the 2.7 micron IR band testifies t: the 
presence of water in most glasses. 

Today there is a tendency to admit that disorde , at 
least in vitreous silica, is not as great as one had tho: ght. 
Order at larger distances has been revealed by nev. dif- 
fraction maxima (Hartleif?!), corresponding to 7.5, ven 
to 16A. Thus it is no longer forbidden to think that 
crystalline preserves or residues are in glass. 

The hypothesis of a quartz residue is really not wi! :out 
foundation if one takes account of Zarzycki’s*®* 1: :ent 
studies on the effect of temperature on the bond : ngle 
Si-O-Si in vitreous silica. Zarzycki found, in fact, that 
this angle is certainly less than 180°; that is, thai the 
tetrahedra are not opposed by the apex, as in beta cris- 
tobalite. 

The angle Si-O-Si is maintained from around 150 up 
to about 1600°C. Therefore, it corresponds to the }ond 
angle in alpha (147°) or beta (155°) quartz. This per- 
sistence of a quartz-like structure in vitreous silica 
appears, by the way, confirmed’ by the existence of the 
12.5 micron IR absorption band even after heat treat- 
ment above 1800°C. 

Besides this picture of the structure of vitreous silica 
essentially based on the existence of hexagonal meshes, 
Tilton*® has just described a structure in which pentag- 
onal meshes may play the lead. This will explain some 
“abnormal” properties of this solid. 

Tilton imagines a model of plane pentagonal meshes 
of 5 tetrahedra with Si-O-Si angles of about 180°. In 
space each of these meshes constitutes a face common 
to dodecahedral cages which show five-fold symmetry. 

Since this symmetry is incompatible with the formation 
of a crystalline network, the resulting three dimensional 
structure would soon be limited and would inevitably 
cause tension and distortion. The author of this hypothe- 
sis gives the name “vitron” to a netted assembly of these 
dodecahedral cages which are subject to tension on 
their exterior. (Fig. 2). Thus the vitrons would be bound 
by an interstitial medium of relatively loose structure. 

This concept of the structure of vitreous silica would 
have the advantage of explaining, in particular, the extra- 
ordinarily weak thermal expansion of this solid. After 
Tilton, the dodecahedral cages would be less flexible at 
low temperature and the interstitial medium would in- 
crease its volume on cooling. Thus, when the tempera- 

(Continued on page 66) 
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Another first from 
CONSOLIDATED FELDSPAR 


Dr. Harry J. Beckemeyer joins our staff as Technical Service Repre- 
sentative to help maintain the good health of your production 


This good doctor’s practice involves a special kind of pre- 
ventive medicine. His CONSOLIDATED specialty is to 
help users of Feldspar and Nepheline Syenite cure prob- 
lems of production and application. 
TECHNICAL SERVICE: Another Of course, it’s only natural for CONSOLIDATED FELD- 
ingredient of leadership SPAR to be the first Nepheline and Feldspar producer to 
offer the technical services of a full-time specialist. It’s 
the kind of extra you expect from the leader . . . another 
reason why it pays to depend on CONSOLIDATED as 
your prime source for Feldspar, Aplite or Nepheline Syenite. 


Creators of Living Minerals 
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(Continued from page 604) 
ture rises, one would aid, in vitreous silica, the con- 
traction of the interstitial medium which would oppose 
the normal thermal expansion of the vitrons. This would 
bring about a very weak or even, at times, negative ex- 
pansion. 

The density calculated according to this scheme is 
exact within 10 per cent, and the holes in this pentagonal 
network are in agreement with the diffusion of rare gases 
in silica. 

In summary, the “vitron” concept could conciliate the 
two hypotheses (random network and crystallite) since 
it proposes the existence of both crystalline nuclei, the 
growth of which is self-inhibited, and the distorted zones, 
whose repetition could not only create some disorder but 
introduce real discontinuities. 

If this representation applies to vitreous silica it would 
most likely be much less apt to conform to the structure 
of complex silicate glasses for which the degree of poly- 
merization of tetrahedra decreases as more cations are 
inserted in the Si-O network. Particularly, the diminu- 
tion of the intensity of the 12.5 micron absorption band 
associated with the formation of SiO, tetrahedra rings 
would indicate the progressive destruction of polygonal 
meshes. 

In other words, the less silica that glass contains, the 
more it approaches the random concept of Zachariasen. 
On the contrary, the more silica it contains, the more it 
has a chance to maintain crystalline preserves which be- 
come close to what one understands by the term “crys- 
tallites.” 

The picture one can form of a complex silicate glass 
(a distribution of cations within an imperfect silicon 
oxygen network) is yet rather vague: it draws mostly 
from empirical consideration. It is thought that this is 
essentially (60 per cent) a lagoon structure constituted 
of giant electronegative complexes retaining the cations. 
One may state, like Peyches:** “These cations, the oxy- 
gen coordination number of which is high, are not placed 
in the cavities defined by the mesh system, but in the 
plane separating two cavities.” 

From studies with labelled Na* and Ca* ions it follows 
that these cations must be pictured as having large mo- 
bilities, particularly the weakly charged alkali ions. The 
electronegative complexes are, on the contrary, infinitely 
less mobile: one could identify them with Bockris’*? who, 
in a concept of the glass structure based on viscosity, pos- 
tulates a displacement of structural units whose dimen- 
sions grow with decreasing temperature until the flow 
domain is merging with, and becomes identical to, a 
continuous, yet dislocated network. 


Conclusion 


At the origin of the vitreous state there is always a 
structural disorder offering diverse aspects. Sometimes 
one is concerned with more-or-less deformed polygonal 
meshes, sometimes with distorted sheet layers, and some- 
times with branched chains interrupted by many faults. 
The complex glasses might be constituted by a mixture 
of these three aspects. But in all cases the vitreous state 
is characterized by irregularities in structure. Between 
the Warren and the crystallite hypotheses, considered 
as limit cases, there is certainly room for intermediates. 
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One can state that the former best suits very complex 
glasses and the latter, more simple glasses, but there js 
still a hole in our knowledge of the structure of glass 
between the molecular and the macroscopic scale. 
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CORNING NAMES PLANT COORDINATOR 
Robert F. Hallahan, formerly production superinten- 
dent, has been named plant coordinator of procurement 


and production at the laboratory glassware plant of 
Corning Glass Works, Big Flats, N.Y. 


A. P. GREEN NAMES VICE PRESIDENT 
George R. Sullivan has been elected vice president of 
the A. P. Green Fire Brick Company, Mexico, Missouri, 
and reappointed director of industrial relations, a posi- 
tion he has held for nine years. 
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There’s an important ingredient in Trona SODA ASH that’s hidden to 
the eye, does not show up in laboratory analyses or photomicrographs. 
Yet, from batch to bottle, this ingredient—the integrity of Trona Soda 
Ash-—is vital to the glassmaker’s art. Trona integrity works for you 
three ways. Our constant striving for superior quality contributes to the 
continued improvement of your own end-products. Our Sales and 
Production departments work as a team to make delivery when you 
want it and how you want it. Our glass technology section provides you 
with specialized technical service on a confidential basis to help you 
cut costs and improve your process to meet today’s changing market. 
You'll benefit through the integrity inherent in Trona Soda Ash and 
Trona service. We'll be glad to show you how. 
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. , 46 37 36 14 
1,325,527, Mingle, Dec. 23, 1919; 2,301,892, Lewis, 48 W) 44 Paces” 
Nov. 10, 1942; 2,355,597, Pond, Aug. 8, 1944; 2,635,662, 56 mgs OT 
Doering et al., Apr. 21, 1953; and 2,642,212, Currivan, WY 46 NLL Lg 
June 16, 1953. = N 
Furnaces j 
ye ’ ‘Fa aoe ea 37 4 
Firing Tank Furnaces Fig. 1. Patent No. 2,800,175. Filed 46 4” 2s 
June 11, 1949, Issued July 23, 1957. Two sheets of \ Vv >_ 
drawings. Assigned to Libbey-Owens-Ford Glass Com- l AS: 
pany by Donald E. Sharp. ~~ 3/4 
The present invention relates to the firing of tank an 


furnaces, and more particularly to the firing of tank stack (not shown). The exhaust side of the unit 4. is 
furnaces of the type generally used in the melting of connected to the main oxygen supply line 38 thro igh 
glass. conduits 44 and 45, and to the main fuel supply line 36 
The invention contemplates firing a tank furnace of to conduits 44’ and 45’. Valves 46 and 46’ are interp: sed 
this character with an oxygen-fuel gas flame, and in- in these conduits 44 and 45 and 44’ and 43’, respectiy ely, 
troducing at least some of the products of combustion to permit the flue gases to be fed to either the oxy zen 
of such a flame, which are primarily carbon dioxide or to the fuel line, or to both, and also to control the 
and water, into the oxygen and/or fuel, prior to com- amount of flue gases that are fed into the oxygen and /or 
bustion, to increase the length and luminosity of the fuel supplied to the burners 24. 
resulting flame. In cases where it is desired to feed only carbon dioxide 
A suitable means for accomplishing this is illustrated to the oxygen and/or fuel supply pipes, for the: pur; ose 
in Fig. 1, and comprises a combined condenser and _ of increasing the length and luminosity of the flame ond 
blower unit 4] which communicates, through a conduit to retard combustion, the water vapor may be conden :ed 
43, with a flue 42 leading from the exhaust port 28 to a_ out of the flue gas drawn from the flue 42, within the 
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unit 41, and by-passed out of the unit through the pipe 
47. Similarly, if it is desired to reduce the amount of 
water vapor present in the products of combustion the 
required amount only may be condensed out. 

There were 9 claims and 16 references cited in this 
patent. 


Glass stirring. Patent No. 2,831,664. Filed October 30, 
1953. Issued April 22, 1958. No sheets of drawings; 
noe reproduced. Assigned to Corning Glass Works by 
Paul F. Spremulli. 

‘he present invention relates to methods and means 
for stirring and/or feeding molten glass while in transit 
from a supply body thereof to a working pool or to 
a orming apparatus. 

The prime object is the provision of a stirrer of 
sim:ple form that for a given rotational speed and num- 
be: of blades out-performs those previously known in 
th elimination of inhomogeneities in molten glass. 

‘ach stirrer blade of the present stirrer comprises at 
le: st two intersecting arcuate sections, one section hav- 
in an edge attached to the stirrer shaft, which is adapted 
to be arranged coaxially within a surrounding passage 
of circular cross section. The stirrer blade has two 
se tions projecting laterally from the shaft in edge-to 
ec xe relation and so arranged that, for the direction of 
roation of the shaft in which the concave surface of 
thy outer section leads. such section, while imparting a 
ci cular movement to engaged glass. functions to puil 
th: glass from the region of the passage wall inwardly 
toward the passage axis and to eject such glass up- 


wardly and downwardly over the edges of such section 
along its line of juncture with the adjoining inner section. 

The convex surface of such adjoining inner section, 
however, while imparting a circular movement to the 
engaged glass, pushes glass from the axial region of 
the passage toward the juncture of such sections, thereby 
pulling in glass from above and below the section edges 
in the axial region of the passage and pushing it toward 
the line of juncture of such sections so that glass is 
ejected upwardly and downwardly over the edges there- 
of adjacent to such line of juncture and to some extent 
intermingles with that being ejected from the upper 
and lower edges of the outer section. 

There were 2 claims and the following references 
cited in this patent. 


United States Patents 
216,053, Mooney, June 3, 1879; 1,768,956, Johnson, 
July 1, 1930; 1,949,696, Schoneborn, Mar. 6, 1934; 
2,459,636, Fenney, Jan. 18, 1949; 2,569,459, De Voe, 
Oct. 2, 1951; and 2,570,078, Spremulli, Oct. 2, 1951. 


Glass tank log pusher. Patent No. 2,831,569. Filed Feb- 
ruary 24, 1956. Issued April 22, 1958. No sheets of draw- 
ings; none reproduced. Assigned to Pittsburgh Plate 
Glass Co., by William J. Cagle. 

This invention relates to a glass tank log pusher, i.e., 
a device for pushing logs of glass batch or feed material 
floating on molten glass at the feed end of a glass manu- 
facturing furnace. 

In the manufacture of glass in a continuous ribbon, 
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batch feeders ate used to supply the raw batch inter- 
mittently. Such feeders provide at each interval a vol- 
ume of batch that has the appearance of a log. Such a 
volume will have a dimension of about 20 feet long 
and 10 inches wide and 10 inches high. Each of the 
batches fed at the end of the tank floats initially as an 
unmelted batch. 

A number of these batch charges can be seen near 
the feeding end of the glass tank as a series of logs 
floating on the molten reaction product. In order to pre- 
vent corrosive attack by the batch on the side walls of 
the tank, it is necessary to prevent the logs from floating 
toward the side walls as they float downstream on the 
molten glass while being heated to be converted to the 
molten product. 

With the increased rates of production of a continuous 
ribbon of glass, it has been necessary to feed the batch 
material at a substantially increased rate. As a result, 
the rate of feeding logs to the tank has increased con- 
siderably. 

A glass tank log pusher is provided that consists of a 
rod with a plate attached to one end. A pulley support 
rotatably mounted about a horizontal axis provides a 
mechanical means for pushing the logs of glass batch 
away from the refractory side walls. 

A cable connected to one end of the rod, engaging the 
second groove of the pulley, and extended downwardly 
from the pulley to a motor, provides sufficient power to 
operate the pusher. The operator need only to direct the 
operation of the pusher and turn the power on and off 
as desired. This novel procedure provides ample capacity 
to take care of increased production of modern tanks. 

There were 7 claims and the following references. 


United States Patents 
491.768, Chatfield, Feb. 14, 1893; 1,614,393, Robin- 
son, Jan. 11, 1927; and 1,856,907, Chapman, May 3, 
1932. 


Miscellaneous Processes 


Method of Making Containers of Glass Fiber Mat Pro- 
vided with End Closures. Fig. 2. Patent No. 2,801,946. 
Filed November 22, 1954. Issued August 6, 1957. One 
sheet of drawings. Assigned to (no assignee) by Johan 
Carl Julius Evenblij. 

This invention relates to improvements in the manu- 
facture of containers or barrels formed from glass fiber 
mat impregnated or sprayed with plastic. 

A mat 2 of glass fiber material is bent until the longi- 
tudinal edges abut or slightly overlap each other. The 
upper and lower cylindrical edges of the bent mat are 
covered by strips 3, after which the mat is sprayed with 
plastic over the length J in Figure 2. After the plastic 
has been set or hardened and the mold J has been re- 
moved, a barrel-bottom 4, in its vertical position is slid 
into the barrel body beyond the not-sprayed, vulnerable 
glass fiber edge 2a and is then tilted over into the hori- 
zontal closing position. This sliding in and tilting of the 
bottom can be managed with the aid of a sucking disc 5 
with a short handle, or by other means. 

Hereafter the not-sprayed glass fiber edge 2a is bent 
over the upstanding flange of the bottom 4 and is sprayed 
with plastic. 
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After the plastic has been hardened, the bottom js 
solidly connected to the barrel body. 
There were five claims and 14 references. 


ANNUAL ACS GOLF TROPHY 

Pennsylvania Glass Sand Corporation is offering an 
annual award—The Pennsy!vania Glass Sand Continuous 
Golf Trophy—which will be presented to the golfer net. 
ting the lowest score at the annual golf outing of the 
Pittsburgh Section of the American Ceramic Society 

The winner this year is John W. Moffat of the Sab. 
cock & Wilcox Co., who will receive an inscribed re; lica 
of the main trophy. His name will be engraved on the 
main trophy, as will the names of successive wim: ers. 

Any golfer who nets the lowest score for three y :ars 
will have permanent possession of the main trovhy. 
Pennsylvania Glass Sand Corporation will there. on 
replace it with a new trophy. 





Jack Brady, right, Pennsylvania Glass Sand Corp. pre- 
senting Pennsylvania Glass Sand Golf Trophy to John W. 
Moffat of Babcock & Wilcox Co., first winner of annual 


trophy. Ralph Gibson, president, Pittsburgh section, 
American Ceramic Society, looks on. 
A. L. JOHNSON HEADS GCIRC 
— Andrew L. Johnson 





has been named presi 
dent and research direc- 
tor of the Glass Contain- 
er Industry Research Cor- 
poration, which was estab- 
lished in early 1958, ac- 
cording to Frank H. 
Wheaton, Jr., board chair- 
man of GCIRC. 
Membership in the cor- 
poration is comprised of 
seventeen U. S. manulac- 
turers of glass containers: Bartlett-Collins Co., Sapulpa, 
Okla.; Brockway Glass Co., Inc., Brockway, Pa.; Buck 
Glass Co., Baltimore, Md.; Chattanooga Glass Co., 
Chattanooga, Tenn.; Diamond Glass Co., Royersford, 
Pa.; Lamb Glass Co., Mt. Vernon, Ohio; Latchford 
Glass Co., Los Angeles, Calif.; Laurens Glass Works, 
Laurens, S. C.; Liberty Glass Co., Sapulpa, Okla.; Mary- 
land Glass Corp., Baltimore, Md.; Fairmount Glass 
Works, Inc., Indianapolis, Ind.; Foster-Forbes Glass Co., 
(Continued on page 612) 
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with properties of distinction reflected 


H-W Zircon brick, made from the mineral of high 
purit’, in many rectangular sizes and shapes, are 
form: 1 by impact pressing. This method of manufacture 
contr butes to the exceedingly desirable properties of 
densi.y, homogeneous texture, both compressive and 
tran: verse strength and precision in workmanship. 
Othe physical properties of H-W Zircon possessed to 
the r aximum degree are unusually high strength and 
const incy of volume at temperatures ranging up to and 
exceeding 2900°F. Their excellent resistance to thermal 
spalling and to severe fluxing conditions are properties 
of pe amount importance for many applications. 


These 
amounts of 


H-W Zircon brick, tested with plate glass batch, show- 
ing negligible reaction, freedom from foaming and 


smooth uniform texture of the brick. 


in serviceability 


The minute and homogeneous pore structure of this 
refractory accounts for its low permeability and high 
resistance to impregnation by molten glass. Chemical 
composition and superior physical properties of H-W 
Zircon are such that, in contact with molten glass, 
foaming is not induced in the manner characteristic of 
various refractories. 


All of these properties commend H-W Zircon for 
paving glass tank bottoms and for use in various 
vulnerable parts of the superstructure. 


Write for further information and technical service. 


photographs show sections of two commercial brands of zircon brick which were tested in contact 
with molten = batch. Pockets 244"' in diameter and %"' deep, in each brick, were filled with equal 


same plate glass batch and heated to 2730°F. for five hours. 


Another commercial brand of zircon brick, tested 
with plate glass batch, illustrating foaming and the 
degree of penetration, 
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(Continued from page 610) 
Marion, Ind.; Glenshaw Glass Co., Inc., Glenshaw, Pa.; 
Gulfport Glass Corp., Gulfport, Miss.; Northwestern 
Glass Co., Seattle, Wash.; Thatcher Glass Mfg. Co., Inc, 
New York, N.Y.; and T. C. Wheaton Co. (and Wheaton 
Glass Co.), Millville, N.J. 

The corporation’s objective is to handle the research 
efforts of the group in much the same manner as other 
cooperative efforts have done. At the start, it will be 


| necessary to farm out the research projects to existing 


institutions. Later the possibilities of building a research 
facility will be considered. 

Dr. Johnson received an A.B. degree in che: nistry 
from Bethany College, a Master’s degree from R:tgers 
University, and a doctorate from the Massachuset's In- 
stitute of Technology. He taught and supervise! re- 
search, both at Iowa State College and at M. I. T. 

For the past ten years, he has been director «f re. 
search at the W. Keith McAfee Laboratory of the Uni- 
versal-Rundle Corporation. During his career, h: has 
held consultantships with several industrial concern . the 
Atomic Energy Commission (Ames Lab.) and th Na- 
tional Bureau of Standards. 


HAZEL-ATLAS NAMES PLANT MGR. 
Clyde M. Carnahan, formerly plant manager at ‘ -raf- 
ton, West Virginia, has been appointed manager o the 
Hazel-Atlas Glass division of Continental Can Com any 
in Lancaster, New York. He has been associated with 
Hazel-Atlas for the past 28 years. 


The Glass Division Meeting 
(Continued from page 593) 


help in the improvement of standard procedures. ‘I hose 
participating formally in this program were: 


Participant Company Method Used 
W. H. Otto Owens-Corning Fiberglas Fiber 
H. E. Hagy Corning Glass Works Dialatometer 


Interferometer 
Dialatometer 
Dialatometer 


Owens-Illinois Glass Co. 
American Saint Gobain 
Libbey-Owens-Ford 
Glass Co. 
National Bureau of 
Standards 
Bausch & Lomb Optical Co. 
Brockway Glass Co. 
General Electric 


E. C. Hagedorn 
J. W. De Remer 
T. B. O’Connell 
E. H. Hamilton Interferometer 
Interferometer 
Dialatometer 
Dialatometer 


S. A. Pozzanghera 
J. T. Stirrup 
N. M. Hudak 


M. Watanabe Japan ee 

W. R. Lester Hartford-Empire Double 

W. G. Halloin Dialatometer 
and Pittsburgh Plate Glass Co. Recording 

R. G. Grimm Dialatometer 


The discussion was ably directed by J. Earl Duncan, 
Pittsburgh Plate Glass Company. This type of session 
(Workshop) proved most satisfactory and will certainly 
be repeated on future programs. 


Loss of Eyesight 


The Friday morning session was under the chairman- 
ship of R. D. Maurer, Corning Glass Works, Corning, 
New York. 

The first paper, Eyes That See Not, was presented by 
Dr. Alexander Silverman, University of Pittsburgh. There 
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‘have been many legal cases involving tragic fractures of 
glass that are of interest to the glass technologists. One 
case involved a new beer bottle, which crushed and ex- 
ploded in the hand of an employee as he lifted it from 
a refrigerator, causing the complete loss of sight of one 
eye. This was the only instance of cases involved where 
failure of a new bottle was responsible. A thin shoulder 
section which had escaped detection during inspection 
collapsed. 

Another case involved a re-used, bottle-capped, small, 
old carbonated beverage bottle which was badly abraded, 
eroced, and chipped. There were numerous check marks. 
It exploded while a clerk was lifting it from a refrigera- 
tor, and a flying glass fragment caused a complete loss 
of sight in one eye. The age of the bottle was clearly 
indicated in relief numerals. Asked whether he had been 
warned by the manufacturer of bottles against their ex- 
cessive reuse and the necessity of regular testing, the 
botiler replied, “No.” 

‘nother legal controversy involved the reuse of a 
bot le-capped, small bottle of carbonated beverage which 
exp oded as an employee was transferring it in his hand 
fron a case to a refrigerator. A flying fragment caused 
hin to lose the sight of one eye. Numerals on the bottle 
ind cated its age at about 10 years. The bottle was very 
baciy abraded on shoulder-letters, sides, and bottom and 
showed scratches on the inside of the neck. It had been 
in circulation since the time when wire brushes were used 
to clean interiors of bottles. The company employed 
women in 2 four-hour shifts to inspect the traveling bot- 
tles against a bright light. There were no rest periods 
except a short intermission for lunch. 

Still another case involved an automobile windshield, 
installed in two parts in a station wagon. The owner and 
some friends were driving along on a highway when a 
mallard duck flew up from a marsh at an angle, struck 
the windshield in front of the driver’s face and went 
through into the car, The driver lost the sight of one eye 
by glass fragments thrown by the glass which left a hole 
at least 6 inches in diameter in the windshiled. 

An expert ornithologist, an authority on mallard ducks, 
furnished their maximum body weights, densities, and 
flying speeds. From these a qualified mathematician calcu- 
lated the impacts possible in pounds per square inch for 
the heaviest duck flying at its maximum velocity against 
a car traveling at sixty miles per hour, although the 
motorist and his friends claimed they were going at only 
forty miles an hour. The values furnished by the or- 
nithologist and the mathematician clearly indicated that 
the force of the impact was less than that specified as a 
minimum by the American Standards Association, and 
that the windshield strength was less than it should have 
been. 

Finally there was a case involving an exploding spec- 
tacle lens, causing an eye injury, but fortunately not 
complete loss of vision. In this instance the individual 
Was wearing a new left lens, from the upper right inside 
corner of which a fragment broke loose and shot into the 
eye. No strain was evident in the broken lens when it 
was examined between crossed Polaroid discs. On ex- 
amining the new left and the right lenses in the spectacle 
frame, there were strain patterns at the corners where 
the first left lens had exploded, thus clearly indicating 
that the lenses had been mounted under a strain. For 
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Colloidal 
Graphite 


dispersions 


FOR THE GLASS INDUSTRY 


GRAPHITE PRODUCTS CORPORA- 
TION manufactures colloidal disper- 
sions for the Glass Industry. In addi- 
tion we develop formulations for speci- 


JUST A FEW USES: 


® Mold Coating 
fic purposes. Currently under develop- 


ment are several parting compounds. ® Drawing Lubricant 


When applied as a coating these show 


eH 
good lubricating properties and will High temperature 





: ‘ : lubricant 
withstand high temperatures. Pilot Bs 
production ples are available. ® General industrial 
lubricant 


You are invited to submit your re- 
quirements for our specialized develop- 
We will work directly 
with your engineers on formulations to 


®@ Parting compound 
ment service. 
Descriptive literature and 
working samples on request. 
meet the needs of your process. There an 


is of course no charge for this service. 


GRAPHITE PRODUCTS CORPORATION 


BROOKFIELD, OHIO 





THE SOVIETS ON GLASS 


Translated from Russian into English 


The Structure of Glass. Translated into English 
from Russian and published by the Consultants Bu- 
reau, Inc., 227 West 17th St., New York 11, N. Y., 
295 pp., including all original tabular, diagrammatic 
and photographic material, case-bound, $20, postage 
included. Translation was sponsored by the Glass 
Division of The American Ceramic Society and the 
National Science Foundation to provide better access 
to Soviet literature on glass science. This authorita- 
tive volume, containing 75 outstanding glass papers, 
details the most recent theoretical and practical de- 
velopments by the leading Soviet researchers. Papers 
were presented at a conference convened by the In- 
stitute of Silicate Chemistry of the Academy of 
Sciences of the USSR and other affiiated organiza- 
tions meeting in Leningrad. 


Among the subjects covered are: Use of Spectro- 
scopic Methods; Effects of Temperature on the Re- 
fractive Index and Coefficient of Expansion; Appli- 
cation of X-ray, Electron and Neutron Diffraction 
Methods; and other integral aspects—all presented 
in a sincere attempt to throw new light on the un- 
known factors encountered in a study of the glassy 
state, and to further develop its as yet unutilized rich 
potentialities. 


CONSULTANTS BUREAU, INC. 


227 West 17th St., New York 11, N. Y. 
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Your 


ceRox«; 


has a fiery friend 


In every glassy, golden bead 
of monazite ore, you'll find 
an unusual collection of 
elemental friends—the 15 
rare earths (of which Ce- 
rium Oxide is the best 
known), yttrium and that 
powerful storehouse of 
energy —thorium. 

Thorium, a reactor fuel 
for peace-time atomic en- 
ergy, is not related chemi- 
cally to the rare earths. But 
it is always found with 
them in monazite. Lindsay 
pioneered the separation of 
these clannish elements to 
produce each in commer- 


* « SLUR Ee te 
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cial quantities of high 
purity. 

You reap the rewards of 
this imaginative research 
in CEROX-sold by Lindsay 
in both mirror and in op- 
tical grades for glass pol- 
ishing. Lindsay’s Cerium, 
Didymium (cerium-free) 
Salts, Neodymium and 
other rare earths have great 
value as glass colorizers 
and decolorizers. They are 
available for prompt ship- 
ment in quantities from a 
pound to a carload. 


<r LINDSAY CHEMICAL J)IVISION 


American Potash & Chemical Corporation 
254 ANN STREET, WEST CHICAGO, ILLINOIS 





See how fast you 
can ‘erase’ paint 
on reject bottles 


For that ss of bottles rejected on account of 


poor labe 


painting, misplaced paint or over-run, 


Oakite has exactly the right stripper to do a quick, 
clean job of paint removal. Oakite makes available 
to the glass industry a complete variety of paint- 
strippers, so you can choose the one that fits your 
operation best, at lowest cost. 


When it comes to production or maintenance 
cleaning, you'll find friendly, valuable help at 
hand when you call your local Oakite Technical 
Service Representative. Contact him now, or write 
for more information to Oakite Products, Inc., 


25C Rector Street, New-York 6, N. Y. 


Al Clean Nv 





in our 50th year 
Export Division Cable Address: Oakite 


Technical Service Representatives in Principal Cities of U. $. and Canada 
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this reason many optometrists examine lenses between 
crossed Polaroids to be sure there is no strain. 

It was pointed out in the discussion of the paper that 
each year approximately 20 billion containers are manu. 
factured, and during their use an extremely large number 
are broken. Glass should be recognized as being delicate 
and somewhat frail and subject to fracture, therefore 
requiring reasonable care in handling. 

Modern detergents are known to perform a supcrior 
job of cleaning, with the result that the glass surface is 


| more readily scratched. The excessive and continued 


reuse of containers plus poor handling and careless seg. 
lect of bottle users is believed to account for abou: % 
of the accidents. The remaining 14 of the accidents nay 
be due to flaws of one kind or another in the g'ass, 
Fracture analysis was pointed out as being a most us ful 
tool in the study and prevention of fracture failures 
The prevention and reduction of tragic accidents due 
to glass failure are the concern and problem of the ¢!ass 
technologists as well as the glass consumer. 


Andrade Sodium Vapor Treatment 


The next paper, /nterpretation of the Andrade Soc ‘um 
Vapor Treatment, was presented by Dr. F. M. Ernsbe: ger, 
Pittsburgh Plate Glass Company, Glass Research Ce ter, 
Pittsburgh, Pennsylvania. The treatment of borosil. cate 
glass with sodium vapor at high temperatures was for- 


| merly believed by Andrade to bear some relationshi» to 


Griffith flaws. 
Dr. Ernsberger, with the help of Dr. A, Argon at }[as- 


| sachusetts Institute of Technology, has studied this »he- 


nomenon by pressing a steel ball into the surface of the 
test specimens to produce a Hertz fracture prior to the 
vapor treatment. Treatment with fused lithium nitrate 
was found to be preferable with soft soda-lime glass be- 
cause the sodium vapor treatment is not effective with 
glasses high in alkali. 

From a study of photomicrographs of the superim- 
posed crack patterns, it was concluded that in borosilicate 
glass sodium vapor treatment there was no relationship 
between the pattern produced by the sodium vapor treat- 
ment and the hypothetical Griffith flaws. It was rea- 
soned that the observed crack patterns are due to the 
fact that sodium ionizes as it enters the glass, adding 
to the alkali content of the glass at the surface. Fracture 
then occurs on cooling, owing to differential contraction. 
Furthermore, heating of the glass in the sodium vapor 
treatment above the transformation point tends to heal 


| any pre-existing cracks and the observed fracture pattern 





| 





is formed over a pristine or unaltered glass surface. 


Soda vs. Lithia in Window Glass 


Mr. Rauch presented the next paper, Window Glass: 
Partial Replacement of Soda By Lithia, by H. W. Rauch 
and C. H. Commons, Jr., Foote Mineral Company, Ber- 
wyn, Pennsylvania; and A, Silverman, University of 
Pittsburgh, Pittsburgh, Pennsylvania. Lithium additions 
to commercial glasses have been tried many times, but 
systematic studies of the effect in such glasses have not 
been reported. 

Because window glass is one of the more consistent 
large volume commercial glasses, it was selected as a base 
for systematically studying the effects of molecularly re- 
placing soda with lithia. The effect of repeated meliing 
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was also studied. It was believed that information from 
such a study would resolve some of the apparent misun- 
derstandings about lithia in glasses. 

In the all-batch melts, complete replacement of sodium 
carbonate with lithium carbonate produced a dense opal 
glass. The one-half replacement resulted in a translucent 
opal glass. Because these glasses were not transparent, 
no further work was done with them. 

Tie following properties were determined: 

. Melting and Fining Characteristics 
. Softening Point 

. Anneal Point and Strain Point 

. Thermal Expansion 

. Chemical Durability 

6. Density 

7. Index of Refraction 

8. Fluidity 

Melting temperature was reduced about 40°C. by 
mol cularly replacing %4 of the soda ash by lithium car- 
bon te. Smaller replacements showed lesser reductions, 
but xs little as 0.26 wt. per cent Li,O caused a 12°C. 
dec »ase in this property. 

the all-batch series, a decrease of 40 minutes in 
mel ng time was observed for the %4 replacement at 
40°. lower temperature. Correspondingly smaller 
cha ges were noted for the smaller replacements, al- 
tho.gh a 5-minute decrease was measured for a glass 
con aining only 0.05 wt. per cent LicO. Similar reduc- 
tion: in melting time were observed for the cullet series 
glasses. 

Ii each series, average reduction in fining time was 
30 minutes when of the soda ash was molecularly 
replaced by lithium carbonate. Smaller replacements 
had less influence on fining time, but again as little as 
0.05 wt. per cent LisO caused a decrease of 10 minutes. 

The cullet glasses melted 15 minutes faster, but re- 
quired 20 minutes longer fining time than corresponding 
all-l,atch glasses. 

Glasses in which 14, 1/16, and 1/32 of the soda ash 
was molecularly replaced by lithium carbonate were more 
fluid at all temperatures (and had equivalent fluidity at 
lower temperatures) than the all-soda glass. 

Softening point temperatures decreased about 36°C. 
in the all-batch glasses as the replacement of soda ash 
by lithium carbonate was increased from 0 to %4. Sof- 
tening points of the cullet glasses were higher than those 
of the all-batch series, but an average reduction of 30°C. 
was observed for the 4 replacement glasses. 

Anneal and strain point temperatures were reduced 
50°C. in the glasses made by replacing 14 of the soda 
ash by lithium carbonate. 

Molecular replacement of soda ash by lithium car- 
bonate slightly lowered the coefficient of thermal expan- 
sion in all the glasses. The largest decrease, 0.3 x 10-° 
in/in/°C., was observed in the 14 replacement glasses. 
Increasing the replacement of soda ash by lithium car- 
bonate from 0 to 14 on a molar basis, caused a 20 per 
cent decrease in percent total expansion. This reduction 
occurred chiefly in the region between the transformation 
and deformation points where the 14 replacement glass 
expanded only 30 per cent of the all-soda glass. 

Small replacements of lithium carbonate for soda ash 
resulted in maximum density values. As larger replace- 
ments were made, density decreased. 
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in Glass Progress 


PHOTO COURTESY CORNING GLASS WORKS 


V9 0) Glass piping so strong it can be used to drive a nail into 

wood finds wide application in industry. With a high re 
sistance to corrosion, physical and thermal shock, this low-maintenance 
piping is used to carry acids, mild alkalies . . . allowing visual inspec 
tion. Used, too, as a durable tubing for neon and fluorescent lighting. 


A890 Michigan Alkali Company, now a division of Wyandotte 
Chemicals Corporation (North Plant Process, above), was 
B. Ford to supply Soda Ash to the élass 


industry. Over the years, Wyandotte has maintained its position as a 


founded by Captain J. 


major producer of Soda Ash. Today, it is a working partner, supplying 
technical assistance and raw-material chemicals to those great companies 
marking milestones in glass progress. 


Wy “Wyandotte 


CHEMICALS 


Michigan Alkali Division, Wyandotte Chemicals Corporation 
Wyandotte, Michigan * Offices in principal cities 


Pranded, ty a Gassmaker lo Ser ve the Glass Industry 
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EISLER Equipment 


solves glass problems! gepsans 
Since 1920, designers 
and builders of special 
machinery and equip- 
ment for the glass in- 


dustry .. 
Glass Lathes + Glass 
Cutters + Wet or Dry 
Silent Blast Torches + 
Cross Fires + Ribbon 
Fires +» Gas and Oxygen 
Burners + Indexing 
Turntables + Sealing, 
Ampule and Bulb Blow- 
ing Machines, etc. 
Call us now = 
without obligation Some 


EISLER ENGINEERING CO., INC. | Charles Eisler, Jr. 
742 So. 13TH ST., NEWARK 3, N. J. 
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Index of refraction changes were minor as soda ash 
was molecularly replaced by lithium carbonate in incre. 
ments of 1/32, 1/16, 4g and \4. 

| In general, the results indicated that partial replace. 
| ment of Na2O by LizO provided lower expansion, greater 
| chemical durability, greater fluidity, faster melting and 
| fining rates, and lower melting temperatures. 

This paper represents an extensive amount of work on 

| the effects of lithia additions in a typical flat glass for. 
mulation. It is hoped that detailed publication wii! be 
made of their results. 


| Fluorides and Infrared Transmittance 


The final paper of the Friday morning session, The 
Effect of Fluorides on the Infrared Transmittanc. of 
| Certain Silicate Glasses, by Given W. Cleek and The mas 
G. Seuderi, National Bureau of Standards, Washin; ton, 
D. C., was presented by Mr. Cleek. Fluorides have |een 
| used in glasses primarily for their strong fluxing action 
and ability to produce and aid opalization. The infr ired 
absorption in glass is believed to be due to water :on- 
tent in glass, and its removal is a difficult task alth« ugh 
such expedients as bubbling dry air through the nelt 
and use of anhydrous batches have been tried. 

It was believed that fluorides may replace mois‘ure 
in glass, for there is evidence of such replacemen: in 
minerals and natural glasses of the earth’s crust. 

The work at the Bureau of Standards has indic.ted 
that an increase in infrared transmittance has |} een 
effected by the substitution of BaO by BaF2 in Ea0- 
Si0.-TiO, glasses, and similar improvements have heen 
noted when AIF; was added to glasses containing lan‘ha- 
num and tantalum. 

It is evident that appreciable quantities of fluorides 
can be incorporated in silicate glasses without opalization 
and that improvements in the infrared transmittance can 
be effected. Too high a content of fluorides, however, 
produces cords, striae, and inhomogeneity in melting. 


Future Meetings 


At the business meeting of the Glass Division it was 
announced that the following programs would be pre- 
sented at subsequent meetings and that pertinent papers 
are desired: 

Annual Meeting Palmer House, Chicago, Illinois, 
May 17-21, 1959, Symposium “Visco-Elastic Effects,” 
Chairman—Howard Lillie, Corning Glass Works, 
Corning, New York. 

Fall Meeting Galan Hall, Woernersville, Pennsylvania, 
October 15-16, 1959, Workshop “Strength Measure- 
ment Techniques,” Chairman—Neill M. Brant, Mel- 
lon Institute, Pittsburgh, Pennsylvania. 

Annual Meeting Philadelphia, Pennsylvania, April 
1960, Symposium “Heat Transfer Phenomena,” 
Chairman—C. L. Babcock, Owens-Illinois Glass 
Company, Toledo, Ohio. 

The officers of the Division are to be complimented on 

their meticulous planning, resulting in the preparation 
and presentation of well-received programs. 


Awards 
At the banquet the Frank Forrest and S. B. Meyer Jr. 





Awards were presented by L. G. Ghering, Trustee of the 
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Glass Division. The Forrest Award was made to Dr. 


H. N. Ritland, Boeing Aircraft Corporation, Seattle, 
Washington, for his paper Limitations of a Fictive Tem- 
perature Concept. 

The Meyer Award was made to Dr. J. N. Teague and 
Dr. H. H. Blau for their paper Investigation of Stress 
In Glass Bottles. Dr. Teague is with Owens-Illinois 
Glass Company, Toledo, Ohio, and Dr. Blau, the Federal 
Glass Company, Columbus, Ohio. 

The various golf prizes were announced at the banquet; 
popularity of the sport was evidenced by the fact that | 
84 men and 6 women took part in the tournament. | 

most entertaining talk, Fabrics and Fabrications, | 
was presented by Dr. Jules Labarthe, Professor of Tex- | 
tile Technology, Margaret Morrison Carnegie College, | 
Carnegie Institute of Technology, Pittsburgh, Pennsyl- | 





vara. He told many amusing stories of customer com- 


pla‘nts and dissatisfaction with numerous products. 


| reliable merchandising quality standards are now | 
| 


av. ‘lable. Standard procedures of testing are available, 
customer complaints are adequately handled on a| 
and equitable basis. | 
djustments involving butter on the ceilings, spoiled | 

od in freezers, cleaning of fibers, and the durability | 
sensitivity of dyes to chlorine bleach were all dis- | 
ssed. 

‘he complexity of man-made fibers has produced many 
pioblems such as a swimming suit that became trans- 
parent when wet, a young lady who purchased glass 
fiber drapery material to make a dress, and the “ever- 
occurring” woman with girdle trouble. 

The principal thought and theme of his discourse was 
that all manufacturers are genuinely interested in cus- 
tomer complaints and expressions of dissatisfaction and 
are eager to correct and rectify all legitimate ones. There 
is a problem of presenting new materials to the public 
to make certain they are used properly. 





Glasses with High Refractive Indices and | 
Dispersions 
(Continued from page 594) 
tive of its greater dispersion. This dispersion would be 
even higher if the refractive index of the investigated | 
composition were increased to equal that of the flint | 
glass. The increase in refractive index is effected by | 
raising the ratio of TiOz to Si0e, or TiO. to Na.O. | 
Composition has an effect on physical as well as op- | 
tical properties. All glasses containing 5 mole percent | 
of TiO. and some containing 10 and 15 per cent of this 
substance were practically colorless, while all other com- 
positions were either amber or yellow. The darker glasses 
are of course not suitable for use in optical instruments, 
except possibly as filters. However, increasing the ratio 
of Na2O to SiO» reduces the amount of color, making | 
the sodium titanium silicate glasses compare favorably 
with lead-containing glasses in this respect also. | 
The density of the titanium glasses is significantly 
lower than that of lead glasses with comparable proper- 
ties. Specific gravities of the recently-developed glasses 
range from 2.12 to 3.00, compared with 3.0 to 5.0 for 
the lead oxide glasses. 
Before these glasses are actually employed as lenses, 
filters, or windows, certain modifications in composition 
will be necessary. For example, constituents must be in- 


| 





NOVEMBER, 1958 


ae 
2 


Thimbles Last 


9 Times Longer with 


Colmonoy Inserts 


Cast iron plunger guide rings (thimbles) can 
be made to last at least nine times longer by 
protecting them with inserts of cast Col- 
monoy No. 4. Colmonoy thimble inserts are 
available in fifteen stock sizes, and in special 
sizes to order. They are quality castings and 
are X-ray inspected. Easily machined with 
carbide tools, they are press-fitted or silver 
soldered in place. Besides providing long 
trouble-free operation, they produce more 
parts to correct size. Ask for Colmonoy 
Engineering Data Sheet No. 42A. 


Colmonoy hard-surfacing alloys are saving 
the costs of replacing thimbles, neck rings, 
plungers, blowheads, moulds, and many 
other glass machinery parts, by making 
existing parts last much longer than ever 
before. Find out what Colmonoy alloys can 
do for your equipment. Write for more in- 
formation today. 


The plunger shown, mate to the 
Colmonoy-protected thimble, has been 
hard-surfaced with Colmonoy No. 4 
also. The Colmonoy Spraywelder, a 
powder metal spraying unit, was used 
to produce the sprayed-and-fused 
overlay. The two parts, with 

similar long wearing sur- 

faces, provide the ultimate 

in wear resistance. 





HARD-SURFACING AND BRAZING ALLOYS 


WALL COLMONOY 


19345 John R Street ¢ Detroit 3, Michigan 


BIRMINGHAM - BUFFALO - CHICAGO - HOUSTON - LOS ANGELES 
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Kahle bulb blowing 
machines . . . designed to 
establish higher standards of 
efficiency and economy . . . produce 
up to 2400 flawless, seamless bulbs per 
hour. Write for detailed information. 


KAHLE 


ENGINEERING COMPANY 


GENERAL OFFICES: 3330 Hudson Avenue, Union City, New Jersey 


WORLD'S LARGEST EXCLUSIVE MANUFACTURER 
OF MACHINERY FOR THE GLASS INDUSTRY 
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troduced to compensate for devitrification in some 
glasses or for hygroscopicity in others. With these rela. 
tively-simple additions, the sodium titanium silicate sys. 
tem can be employed to manufacture glasses with re. 
fractive indices and dispersions previously unattainable, 
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Fig. 3. Graph showing »-values of various sodium titanium 


silicate compositions developed by the Bureau for us» in 
optical instruments. 
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Fig. 4. Comparison of »-value and refractive indices 
of sodium titanium silicate and flint glasses. Curves 
of v-value vs. refractive index are given for titanium 
glasses containing 15, 20, 25 and 30 mole percent 
of Na,O, and for a typical lead-containing glass. 
Above an index of 1.600, the »-values for all titanium 
glasses are lower, (dispersions higher) than for the 
typical flint glass. The higher-dispersion glasses 
were developed by the National Bureau of Standards 
for special optical uses. 
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Only a 


few 


copies available... 


Handbook of Glass Manufacture 


Second Printing 


a The continued demand for the new HAnp- 
BOOK OF GLAss MANUFACTURE has practically 


exhausted the second printing. 


If you do not own a copy of this valuable 
book now is the time to place your order. The 


remaining supply will soon be sold out. 


This sustained demand for the HANDBOOK 
oF GLass MANUFACTURE proves that it has filled 
an important role as a practical working tool for 
glass plant executives, research heads, laboratory 


technicians, engineers and technologists. 


Send for your personal copy Now! 
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The Glass Industry 
55 West 42nd Street, New York 36, New York 





Enclosed please find remittance in the amount of $ to cover the cost 

copies of the HANDBOOK oF GLAss MANUFACTURE. Single copy price, $11.50. 
Order for 5 or more copies, 10% discount. Add Shipping and Insurance charges, 
domestic 60¢; foreign 90¢. Foreign remittance in U.S dollars, 














